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a scientific corner 


FOR INFORMAL DISCUSSION OF YOUR OPTICAL PROBLEMS 


che House of Vision ™ 


CHICAGO 


EVANSTON HIGHLAND PARK OAK PARK AURORA 
DES MOINES MASON CITY MILWAUKEE MINNEAPOLIS 
MUSKEGON SIOUX CITY AMES 


ON SELECTING TRIFOCALS 


(ophthalmelogists are prescribing trifocals much more freely than they did a few 
years back. We are very much in favor of this trend because well fitted and well 
selected trifocals do a real job and give the wearers optical comtort they never 
dreamed possible. When failures occur they are usually due either to poor fitting 
or, more often, to poor selection. 


\ well known and widely used line of flat top trifocals may be ordered with 
either a 6 mm, or an 8 mm. intermediate segment. A study of a number of patients 
who were not too happy about these trifocals leads us to believe that the fault was in 
the selection and not in the trifocal. Doctor F., a physician, requires the following 
prescription: Right —2.00 -+- 0.50 » 80; Left —1.75 4+ 0.37 » 100, with a + 2.00 
add for reading and a -+- 1.00 intermediate add. Tle was given trifocals with 6 mm. 
intermediate segments and was not a bit satisfied with the results. & mm. segments 
were made for him and found to be perfectly satisfactory. 


Mr. B. was given &8 mm. intermediate segments on the following prescription : 
Right + 0.50 + 0.75 »« 90; Left + 0.75 cylinder » 90, with a + 3.00 reading 
add and a +- 1.50 intermediate add. The results were not satisfactory until we made 
a new pair of trifocals with 6 mm. segments. ‘This pair did the trick nicely. 


Phe conclusion arrived at from these and other cases is that when the reading 
addition is + 2.75 or + 3.00, or when the patient has poor accommodation, use 
the 6 mm. segment. Using the narrower segment gives a larger reading field and 
puts it higher in relation to the eye. 


The patient requiring a + 1.75 or + 2.00 add likes the & mm. seg because he 
can use the imtermediate portion for a surprising percentage of his visual tasks 
The reading segment being lower does not handicap him, as he uses it only 
occasionally 


The person who requires a 3.00 add is usually well along in years and while 
the intermediate segment is a valuable adjunct the acuity through this portion just 


isn't as good as through the reading segment. 


“if it’s a lens problem, let’s look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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RAPID ACTION RAPID ACTION 


A TIME SAVER IN CYCLOPLEGIA AND MYDRIASIS 


A new, virtually non-irritating cycloplegic-mydriatic compound with 
marked advantages in rapidity of action (30-60 minutes), depth of depression of 
accommodation, and promptness of recovery ... 12-24 hours without amiotic... 


Now... Council Accepted 


Hydrochloride 
brand of CYCLOPENTOLATE hydrochloride 
Effective in cases of darkly pigmented eyes normally refractory to cycloplegics,; CYCLOGYL 
Hydrochloride does not appreciably affect intra-ocular pressure, and may be used with safety in 
all age groups. It “may successfully replace, or will certainly be a useful adjunct, to the use of 
homatropine and even atropine for routine office refraction.’” 


Write for literature 


CYCLOGYL (Hydrochloride) Available in 0.5% and 1.0% Solution, in 15 ce. Bottles; 1.0% Solu- 
tion, in 2 cc. Bottles 


Schiffelin Eo. »y Pharmaceutical and research laboratories since 1794 


18 Cooper Square, New York 3, N. Y. 


1, Gettes, B. C., and Leopold, I. H.: A. M. A. Arch. of Ophth, 49:24 (Jan.) 1953. 
2. Stolzar, I. H.: Am. J. Ophth. 36:110 (Jan.) 1953. 
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... the Cataract Bifocal...as good to look at...as it is good to look through 


BAUSCH & LOMB 


Fused Lenticular Panoptik 


Optical performance and cosmetic ap- 
pearance are mutual considerations to 
the practitioner who seeks to give satis- 
faction and peace-of-mind to the post- 
Operative cataract patient. From both 
standpoints, the Panoptik Lenticular 
Cataract bifocal provides a new standard 
of excellence. Lighter in weight, thinner 
in construction and with front curves 
resembling normal prescriptions, this 
design is greatly superior in appearance 
to earlier cataract lenses. Optically, it 


Major Lens: Special Nokrome 
ba Crown glass. (Plus-power in the len- 
ticular edge, though much weaker, 
allows patient some recogni- 
tien of form in peripheral vision.) 


\. Lenticular Field: Special 
high index barium gloss. 


‘ Bifocal Segment: Same high 
index glass as lenticular field. 


offers a wide reading field at normal 
reading level. Great flexibility is afforded 
in placement of optical centers. Flexi- 
bility, too, in base curves—bi-convex, 
plano base or — 3.00 base—can be pro- 
duced from the same blank. This facili- 
tates service from the laboratory—a 
single pair of blanks, in each of the 
called-for reading additions, constitutes 
a stock from which any aphakic pre- 
scription can be made. 

In Soft-Lite, too 


Cross-soction comparison of Panoptik Fused Lenticu- 
ler Cataract and one-piece bifocal of same (—12.50D) 
power. Note thickness—Panoptik Lenticular is more 
than one-third thinner—and flatter front curve. 
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Conover- Spaeth® 
MAGNETIC CAMPIMETER 


“EDMUND B. SPAETH, M.D. 
PHILADELPHIA, PA. 


This new precision instrument gives 
accurate determinations and correct 
contiguration of the visual field with 


great savings of time and effort 


The Conover-Spaeth Campimeter 


is 24” square. It is placed on a table 
with the patient seated in front, his 
eye positioned 10/2” from the central 
fixation point. The operator, stand- 
ing behind the screen, facing the 
patient and looking directly into the 
patient's eye, is able to detect the 
slightest wavering. The test object is 
introduced to the visual field from a 
‘Concealment Circle’ and is con- 
trolled by a magnet from the back of 
the campimeter. The patient is not 


able to anticipate or even guess on 


which radius or from which side, 
rightorleft, the test object will appear. 

This assures accuracy and elimi 
nates tuume-consuming rechec king 

The back of the campimeter is 
clearly marked in degrees of the 
circle and angles of vision to con- 
form to the standard Berens chart 
Each radius tested is immediately 
entered on the chart... No markers 
to be placed or removed. 

The time saved in each examina- 
tion creates Opportunities for more 


or other oftice work. 


ABSOLUTE ACCURACY 
\ FAR FASTER 


“thelds”’ 


Write for detailed information 


MANUFACTURER AND GENERAL DISTRIBUTOR 


GEORGE P. allman & SON CO. 


3451 WALNUT STREET 
HEADQUARTERS FOR 
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INSTRUMENTS FOR OTORHINOLARYNGOLOGY 
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SHARP 
DOHME 


DIVISION OF MERCK & CO., Ime 
Phi 


BEFORE TREATMENT 


AFTER TREATMENT 


TOPICAL HYDOROCORTONE REDUCES BOTH EXCESSIVE VASCULARIZATION AND 


Sight-saving therapy in corneal injuries 


SCARRING 


(HYDROCORTISONE ACETATE, MERCK) 


HYDROCORTONE is a principal adrenocortical 
steroid and the one with the most pronounced 
anti-inflammatory action at the tissue level. 
Ophthalmic preparations of HYDROCORTONE 
effectively block the inflammatory response 
whether due to physical trauma, chemical 
irritants, foreign protein or other specific 


HYDROCORTONE is the registered trade-mark of Merck & Co., Inc. for its brand of hydrocortisone. 


allergens. Certain patients who do not show 
adequate response to cortisone may be treated 
satisfactorily with HYDROCORTONE, 

SUPPLIED: Sterile Ophthalmic Suspension of 
HyYDROCORTONE Acetate : 0.5% and 2.5%, 5S ce. 
vials. Ophthalmic Ointment of Hyprocor- 
TONE Acetate: 1.5%, 's oz. tubes. 
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WELCH 


Skaneateles Falls, N. Y. 


DESIGNERS AND MANUFACTURERS OF DIAGNOSTIC INSTRUMENTS FOR 39 YEARS 
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this outstanding cycloplegic adjuvant 
in refraction offers 4 distinct advantages: 


Ophthalmic Solution Paredrine* 
Hydrobromide 1% with Boric Acid 


The “Paredrine Technique’”’ in refraction saves the physician 
time and trouble and spares the patient prolonged visual 
disability. In the words of Harrison,' it “has the advantage 
of maximum action with minimum duration.” 


With children, the whole procedure can be carried out at the 
office; and the greatly reduced amount of atropine required 
for satisfactory cycloplegia lessens the probability of toxic 
side effects. 


1. Harrison, W. J.: Ocular Therapeutics, Springfield, LIL, 
Charles C Thomas. 


*T.M. Reg. U.S. Pat. Off. for hydroxyamphetamine 
hydrobromide, S.K.F. 


French Laboratore* 


‘ assures a quick return of 
accommodation 
4, requires only a minimum 
number of instillations 
| 
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drop for drop... 


and minim for minim... 


assure the utmost in: 
e CLINICAL EFFECTIVENESS 
PATIENT PROTECTION 


Scientifically prepared, 

ISO-SOL ophthalmic solutions are: 
@ physiologically active 

@ exceptionally well tolerated 

@ buffered for stability 

@ sterile and bacteriostatic 


and available in a variety 
of preparations routinely employed 
in ophthalmologic practice. 


Specify ISO-SOL— 
each dropper bottle is sterile, 
sealed and dated. 


Pilocarpine HC}. 


%, 1,2 
15 ce. ste sand 4% in 


rile, sealed dropper bottles 
Eserine Salicylate 


“4 and 
7.5 ce. Sterile, 2% iin 


sealed dropper bottles. 
Atropine Sulfate US 1, 2 end 4%, 
in 


4¢ 
©. Sterile, sealed and dated dropper bottles 
Homatropine Hydrobromide USP. 24 d 59, 
4 Sterile Sealed and 


Pper botti 
Note: 1SO-SOL Eserine Sal 
ne* discolor. 


icylate solutions will 


Write for a descriptive list 
of all ISO-SOL products. 
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STERILE OPHTHALMIC SOLUTIONS 
= 
Myotics, Mydriatics, Antiseptics and Lubricants, 


@ The aim of the Guild of Prescription 
Opticians of America is to advance the 
science of ophthalmic optics through 
the development of a country-wide 
ethical optical dispensing service that 
comprehensively meets the needs of 
the Eye Physicians and their patients; 
and to educate the public to the fact 
that the Eye Physician-Guild Optician 
type of eye service truly renders the 
most desirable form of eye care. 


This statement of the Guild’s purpose is reprinted from the cover of the 
REFERENCE LIST OF GUILD OPTICIANS, a geographical index of 
all our members. If you would like a copy, just drop a two-penny post card to 


Che Guild of Prescription 


Opticians of America, Inc. 
110 E. 23rd Street New York (10) N.Y. 


| | 
| 
| | 
| | 
| 
ANSo 1C\> 
= 


For Cases of Subnormal Vision 


Experience has shown that Spectel 

Telescopic Spectacles effect sub- 

stantial improvement in many cases 

of low visual acuity. Available in TELESCOPIC 

two powers, Spectels provide retinal | 
image magnification of 1.7 or 2.2 

diameters. \ 


Prescribing Spectel telescopic spec- (with Coated Lens) 
tacles is primarily an extension of 

regular refracting routine. Trial sets 

are simple to use and moderate in 

price. 

Full details in bulletin 302 available 

from your supply house or direct 

from us. 


Distributed in Canada by 
ial Optical 
mperial Optical Company / piant. Northampton, Massachusetts 


New York Office: 30 CHURCH ST., NEW YORK 7, N. Y. 
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Sterilizer 
..» Hot Air 


1. Constant temperature 
2. Forced circulation 


To assure even temper: 1°» 


3. Well insulated, 


Economical 


4. Fully automatic $225.00 


To eliminate corro- Higher temperature of hot air sterilization 
sive damage to sharp, delicate eye is still well below point at which temper 
instruments so frequent in boiling, of sharp instruments would be affected. 
autoclaving, and some cold steri- Sterilizer is fully automatic and includes 
lizing agents. automatic interval timer, visual dial type 

thermometer and indicator light. Forced 
\ circulation assures even temperature on 
Phe trays measure 1 a/tow » ll shelves. Efficient insulation assures safe 
S/lo" x 10%". The sterilizing temperature and economy of op- 
compartment measures 644" x ; 
1044” x 6%" deep. The overall eration. 
outside neasurements are ength 


Phe weight is 41 pounds 4570 AUDUBON AVE. ST. LOUIS 10, MO. 
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Action 


For work or play, it's Nobel Club ...a rugged pace-setter styled with dashing chevron trim, new 


wide-swept temples for casual comfort.. freedom of action. Made with Keyhole or Saddle Bridge. 


THE KONO MANUFACTURING COMPANY 
09.24 FORTY NINTH AVE WOODSIDE WN. 
LOS ANGELES, CALIF. CHICAGO, ATLANTA GA CHARLESTON. 5. C 
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BERENS THREE CHARACTER TEST 
FOR BINOCULAR VISION 


This test was designed by Dr. Conrad 
Berens to test patients who were not respon- 
sive to the four dot test, notably children 
who did not recognize colors and also those 
with low color perception. 

The characters are RED GIRL, GREEN 
ELEPHANT and WHITE BALL. 

Has all the advantages of the four dot 
test plus those noted above. 


The new red and green spectacles are all 
plastic which will accommodate children 
as well as adults. 


Available at all Optical and Surgical suppliers 


Manufactured by 


4920 N. LAWRENCE ST. R. O. GULDEN PHILADELPHIA 20, PA. 


Our new complete brochure is now available. 


Do you dispense glasses? 


We are one of the oldest, and most reputable wholesale opti- 


cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con- 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 
115 Fulton Street New York 38, N. Y. 
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Soon! 


* PATENT PENDING 


created by Continental Optical Company - Indianapolis 


Makers of fine Gold Filled and Combination Eyewear, 


Ultex Bifocals and Trifocals, Kurova F Fused Straight Top Bifocals 


and Kurova Corrected Curve Lenses. 


CONFIDENCE... 


Professional reputations are built on confidence. 
Your learning and skill and judgment would be 
fruitless unless you strove to achieve faith on the 
part of your patients. And even when you have 
won this trust all your effort is at the mercy of 
those who interpret your prescriptions. 
{Here at Dow we pride ourselves on the impec- 
cable quality of our eye-wear, which results 
inevitably from our scrupulous selection of only 
top-grade materials . . . from the care with which 
we grind and polish and edge our lenses . . . from 
our expert placement of them before the eyes in the 
very best of mountings. All this and more we do... 
that your patients may have fullest confidence in you. 


DOW OPTICAL CO. 


W. E. DOW, Pres. 


Chicago, Ill. Bloomington, Ill. 


A definitely superior 
cleaner for professional 
and home use. 


Gentle, harmless, 
completely safe. 


Anti-fogging. 


Protected in handy, 
good-looking “squeeze” 
bottle — convenient 


to carry and use. 


HIGH POLISH + ANTI-FOGGING 


‘Lens Cleaner 


Excellent for all 
lenses... glass and 
1-GARD plastic. 


Just squeeze a drop 

on each surface, 

pat dry, wipe lightly. 
TI-FOGGING Dust, dirt, stains 


ARER VISION | 


disappear instantly. 


Leaves lenses 


immaculately clean, 


beautifully polished. 


The exceptional qualities of I-GARD Lens Cleaner are widely 


recognized by professional men, 


laboratory technicians, lens 


manufacturers and dispensers. Many thousands of eyeglass wearers 
now use this remarkable, new cleaner. 


Order from your local I-Gard Distributor or write direct — 


Dept. 


E., McLEOD OPTICAL COMPANY, INC. 357 Westminster Street, Providence 1, R. I. 


QUALITY SERVICE 
skillsand 
services that will 
Your patients will thank you for recommending 
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The Rodenstock 
New Eye Refractometer 


Recognized the world over 


Total Objective Refraction 
Sph. Cyl. Axis 


Accuracy Technique 
Speed relaxes 


accommodation present 


For Complete Data 


ANTON HEILMAN AO-1054 
P. O. BOX 222 

MINEOLA, L. I., NEW YORK 

{| Rodenstock Refractometer 

{| Vertex Refractionometer 


Slit Lamps 
RODENSTOCK Visuscope 


VERTEX (| Ophthaimoscopes 


REFRACTIONOMETER [] Eye Surgical instruments 
{| Office equipment 


Name 


Address 


City State 
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AND NOW... “Flirty Missy” CLEARBRIDGE 


The choice of little girl pupils everywhere, ‘‘Missy’’ is 
available in three eye-catching color groups. 


"Glinty Missy” CLEARBRIDGE . . . 


Bronze/Crystal, Slate Blue/Crystal, Black/Crystal, 
Wine/Pink, Brown Pearl/Crystal. 


"Glinty Missy” SOUD BRIDGE . . 


Dubonnet/Crystal, Cordovo/Crystal, 
Pearltone Blue/Crystal. 


SOUD COLORS . . . 


Demi, Pink, Blond, Pearl Pink, Pearl Blue. 


SOLD ONLY THROUGH YOUR PRESCRIPTION AND SUPPLY HOUSE 


ZYLO WARE corp. istano civ 


& 
the frame little gis go for! 
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NORMAL VITREOUS, ITS ATTACHMENTS AND DYNAMICS 
DURING OCULAR MOVEMENT 


A. C. HILDING, M.D., Ph.D. 
DULUTH, MINN. 


HERE HAVE been many studies on the vitreous body ; yet it is incompletely 

understood. It undoubtedly plays a large role in ocular pathology and in the 
complications after ocular surgery. The present study is an attempt to visualize and 
analyze the physiologic movements of the vitreous during ocular rotations. 

The anatomic characteristics and relations of the vitreous are difficult to ascer- 
tain because of its transparency and its perishable nature. Numerous studies have 
been made during the past century, the results of which are not uniform; in fact, 
the conclusions in some respects are rather contradictory and confusing. Best,’ who 
made an outstanding anatomic study nearly 50 years ago, was aware of a relation of 
the vitreous to retinal detachment, and his concept of the vitreous structure seems to 
be rather close to that which is presently held. Among the more recent excellent con- 
tributions are those of Friedenwald and Stiehler,'* Grignola,’® Irvine,'* Pirie,* Bem- 
bridge and associates,® and Pischel.* 


EXTERNAL FEATURES AND ATTACHMENTS 


Some features are fairly well established. The vitreous is surrounded by a hya- 
loid membrane, which is firmly incorporated with its substance. Grignola could 
not separate it from the underlying structure; Cowan and Fry 7 did so in some 
of the lower animals and photographed it as an anatomic entity. Some have 
denied the existence of a membrane at all, stating that there is only a surface con- 
densation of a colloidal gel (Mann,*! Duke-Elder,'* Anderson,’ and Berens °). The 
controversy over the hyaloid membrane seems to be as much a matter of definition 
of the term “membrane” as it is a difference of opinion. From the standpoint of 
the physical behavior of the surface of the vitreous, there certainly is a membrane. 
From the standpoint of histology, there may be some question whether one means 
by “membrane” a separate, discrete, two-sided structure which is formed, or has been 
produced as such, by cells. 

The vitreous body is attached to the surrounding structures in several areas. Its 
chief attachment is at the so-called base. This is a ring 2 or 3 mm. wide, extending 
from the ora serrata forward onto the pars plana of the ciliary body.t This attach- 
ment is firm and is reinforced in the substance of the vitreous by a ring of increased 


Presently working in the Research Laboratory at St. Luke’s Hospital, under grants from 
the Louis W. and Maud Hill Family Foundation of St. Paul, the Women’s Service Guild of 
St. Luke’s Hospital, Miss Elisabeth Congdon, and The Edward C. Congdon Memorial Trust. 
* References 24 and 25. 
+ References 9 and 10. 
t References 16 and 18 
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density. When attempts are made to separate this attachment, parts of the epithelium 
of the ciliary processes tear away from these structures and remain attached to the 
base of the vitreous body. There is a second ring-like attachment to the lens capsule, 
which is known as [ggers’ line (Fig. 1), and a third, or smaller, ring attachment at 
the optic disc, which is about the size of the latter. A still smaller attachment is pres- 
ent at the macula. In general, the vitreous is attached to firm tissue other than the 
retina or is attached to the retina where this, in turn, is attached to deeper, firmer 


Vig. 1.—A, anterior half of an ox eye which had been bisected at the equator, as seen from the 
plane of section. The region of the zonule was injected with white ink, which flowed freely, 
ee tae the corona about the lens, as seen. A small amount passed to the anterior surface of 


the lens, and is visible on the left side and above. The streak far to the left marks the track 
of the needle through the vitreous body. 


B, anterior half of another ox eye in which two injections were made, the first into the 
retrolental space, just anterior to the vitreous. This injection formed a very thin, saucer-like 
plaque, seen on the center of the lens. The dark triangle in the center of the plaque is a tear 
in the hyaloid membrane made by the point of the needle. The thick spiral above the plaque 
was caused by leakage of ink from the retrolental space along the track of the needle after the 
latter was withdrawn. The second injection was made into the zonular region. An insufficient 
amount of ink to fill this space was used. When the needle was withdrawn, the ink continued to 
flow into the unfilled portion. The dark line between the zonular corona and the plaque in the 
retrolental space marks the attachment of the vitreous to the lens capsule. This attachment in 
man is called Eggers’ line 
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tissue. On the whole, it seems to be free from the retina in that large extent where 
the two layers of the embryonic optic vesicle lie in apposition but unattached to each 
other (retina and its pigment epithelium). Yet there are weaker attachments 
described at the equator '® and at some other points '*; and, judging by the location 
of retinal tears, there must be still others in some persons. The secondary vitreous 
is produced by retinal cells in embryonic life and for a time is attached to the retina ** 
over the entire surface of the latter. It is quite possible that remnants of these embry- 
onic connections remain into adult life, as do remnants of the pupillary membrane. 
(Pathologic adhesions from chorioretinitis, of course, occur.) Ruptures in some of 
the normal vitreous attachments are seen clinically not so infrequently ; these result 
in detachment of the vitreous body. The ring-like attachment at the disc is especially 
apt to tear free.* It is the attachment at the macula, presumably, which causes 
destructive traction in vitreous complications following cataract surgery.'* 


INTERNAL 


FEATURES 
According to modern concepts, the vitreous has a definite internal structure and 
is not merely a colloid gel, a view held by Salgado Benevides * and Duke-IIder,"* 
Friedenwald and Stiehler '* found concentric layers, which fused together at inter- 
vals, forming flat, concentric cells. Grignola ' recently reported an extensive study 
consistent with Best’s fibrillar concept. Grignola concluded that there is a definite 
net-like, fibrillar structure extending throughout the entire vitreous body. It origi- 
‘nates at the base in bundles that split into fine fibrils; these branch and anastomose 
with one another to form a complete net-like framework. He identified three kinds 
of fibrils, all of which have a certain amount of elasticity. Chemical studies have been 
made of these fibrils by Bembridge * and Matoltsy ** and their co-workers, lirie,§ 
and others, indicating that they are not chemically identical. Grignola does not seem 
to consider the internal structure as separated into two units corresponding to pri- 
mary and secondary vitreous. 

Thus, the modern concept of the vitreous is that of an anatomic unit with a 
definite internal structure lying within the retina, and firmly attached to the sur- 
rounding structures at the base and less firmly attached at a number of other points. 

A search of the literature reveals few reports analyzing movements of the vitre- 
ous ||; yet these movements and the forces which bring them about are doubtless 
of great importance in a number of disease conditions, including detachment of the 
retina and postoperative complications of intraocular surgery. A_ study of these 
forces might be fruitful in a better understanding of pathologic conditions of the 
vitreous and retina, and possibly in their prevention and treatment. 


EXPERIMENTAL 


STUDIES OF 


NORMAL MOVEMENTS 


Some attempts were made to study the vitreous movements in ox eyes during 
rotation. Freshly enucleated eyes were mounted on a wire frame, as illustrated 
(Fig. 2A and B), with strong silk sutures at 12 and 6 o'clock, thus creating a fixed 
vertical axis. Rubber bands were stitched in at 3 o'clock and 9 o’clock and put on a 
slight stretch horizontally. long silk threads were also attached at 3 o’clock and 
9 o'clock, by means of which the eye could be turned out of position and the rubber 


§ References 24 and 25. 


| References 7 and 22. 
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bands put on stretch. When the threads were released, the rubber bands would 
rotate the eye back into position. Sometimes it was found advantageous not to let 
go of the threads but to ease the eye back, as it were. Two windows were cut through 
the sclera for the purpose of admitting light and for observation, as illustrated 
(Fig. 2B). The sclera, choroid, tapetum, and retina were dissected off successively 
and carefully so as not to damage the hyaloid.{ White ink was injected into various 


Fig. 2.—-Method of mounting (4) and dissection (8B) of an ox eye for the rotation experi- 
ment, as described in the text 


? 


positions in the vitreous by means of a hypodermic needle, and the movements of 
this ink were observed as the eye rotated. 


Result.-\t was found that the vitreous in these ox eyes was much firmer than 
the human vitreous. The ox eye is not spherical but is flattened markedly in an 
anteroposterior direction. For these reasons, the movements were quite different 

{| During these dissections it was found that the anterior attachment of the vitreous at the 
base was so firm and strong that the ciliary body and iris were badly torn in attempting to 
separate it. The attachment at the optic nerve was so weak that it separated easily during the 
manipulations incidental to dissection 
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than those observed in the human eye with a slit lamp. There was none of the free- 
flowing postrotational movement that is so characteristic of the anterior part of the 
human vitreous. The movements were shorter, more rapid, and almost bouncing. 
Figure 3 illustrates the movement of a streak across the vitreous a short distance 
behind the lens, as seen from above. The ink streak assumed an S form at the end 
of rotation. The greatest bend did not occur midway between the center and the 
sclera but was closer to the center. The bend was considerably greater on the side 
where the movement was away from the lens rather than toward it. The movement 
in the posterior part of the vitreous was studied in a vertical direction. As the eye 


Fig. 3.-Diagrammatic representation of movement during rotation of a streak of ink placed 
horizontally across the vitreous behind the lens. Solid line indicates ink before rotation; dotted 
line, ink immediately upon cessation of rotation; C, corneal surface; L, posterior lens surface 


B 


Fig. 4.—Diagrammatic representation of a blob of ink in the posterior vitreous during rota- 
tion on a vertical axis (4) with the eye in normal position and the optic nerve (ON) in the 
lower outer quadrant, and (8) with the eye upside down and the optic nerve in the upper outer 
quadrant. The ink behaved as though it were suspended from the optic nerve. The relation of 
this behavior to the optic nerve may have been more seeming than real, as explained in the text. 


was rotated about the vertical axis, the inertial lag did not occur horizontally, as one 
might expect. Rather, the movements seemed to center at and rotate about the 
optic nerve. When the ox eye is in a normal position, the optic nerve is in the lower 
outer quadrant. In this position, a blob of white ink placed in the posterior vitreous 
bobbed back and forth on an are centering at or near the optic disc. The movement 
was reminiscent of the movements of the metronome which my daughter uses during 
piano practice. When the eye was suspended upside down, so that the disc was in 
the upper outer quadrant, the movements gave the impression that the blob of ink 
was suspended from a point at or near the disc, as on a swing. These observations 
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made it appear as though the posterior vitreous rotated more or less about the 
attachments at the dise (Fig. 4 A and B). However, when another eye was bisected 
through the equator and the vitreous in the posterior half observed, this did not 
seem to be the case at all. In fact, in the particular eye treated this way, the rota- 
tion seemed to center at or near the posterior pole. It may be, of course, that the 
attachment at the disc was ruptured during dissection. Another streak of ink, which 
was placed near the cut surface of the vitreous hemisphere, gave the impression that 
there was an attachment eccentrically in the cut surface (the division across the 
vitreous was not exactly on the equator, and part of the thickened ring at the base 
was included on one side), 

These observations raise an important consideration in one’s mind, since they 
would indicate that the bobbing or rotational movements observed in the vitreous 
of the ox eye may be due in part, and perhaps in large part, to the internal structure 
rather than to the external attachments. The seeming rotation about the disc may 
or may not have been related to the attachments at this point. 


FORCES INVOLVED IN 


MOVEMENT 


Relative movements between the vitreous and the structures which contain it 
occur when the eye rotates. The formula expressing the tangenital force used in 
rotating a sphere in the absence of friction is 

where the force (/’) is expressed in dynes, the mass (7) in grams, the radius (FR) 
in centimeters, and the acceleration (4) in radians per second squared. Considering 
that the eye rotates at the average rate of 300 degrees per second,** and probably 
attains a maximum velocity of 600 degrees per second, it follows that in order to 
accelerate a sphere, such as the eye, to that maximum velocity, a tangential force of 
0.6 gm. would be required.# The force required to rotate the wall of the eye, sclera, 
and cornea, without the contained vitreous and lens, would be about 0.6 of the total 
force, considering that the wall is 1 mm. thick and roughly one-fourth of the total 
weight. The force would be applied on the outside of the sclera by the extraocular 
muscles. Hlowever, such mathematical formulas scarcely express the conditions 
involving the vitreous. The vitreous is not a solid sphere; it is loosely constructed 
and when rotated shows a very definite tendency, from inertia and friction, to lag 
in its various parts. The force required to rotate it is somewhere between that 
required to rotate the wall alone and that required to rotate a solid sphere the size 
of the eye. At any rate, force is required to rotate the vitreous, and that force is 
applied through its attachments to the surrounding structures. If some of these 
attachments should be dissolved through disease, then greater force would fall upon 
those which remained. Likewise, if the internal structures were altered in such 
a way that lines of tension were produced, through shortening or tearing parts of 
the network, again, it is conceivable that the brunt of the torsional forces would 
fall much more strongly upon some attachments than others. If remnants of embry- 
onic attachments remain or if abnormal ones develop through adhesions, torsional 
forces might be brought to bear upon the retina or other structures, at points which 
are not designed to sustain such force, resulting in ruptures and tears. 


# Any good physics textbook may be consulted, such as that of Hausmann and Slack.?? 
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SLIT LAMP OBSERVATIONS— MOVEMENTS OBSERVED 


Slit lamp observations were made through the pupils of many phakic eyes, and 
sketches made of 64, in order to study the movements of that portion of the vitreous 


which is readily available to the slit lamp. A general pattern of movement was found 


in most normal eyes, although there were numerous variations. The technique for 


observation was very simple: With the patient fixing some portion of the corneal 


microscope, the slit and microscope were focused upon some visible feature in the 


anterior portion of the vitreous. The patient was then directed to look at the exam- 


iner’s finger held some 20 to 30 degrees toward the nasal side. After the gaze was 


held in this position a moment, the patient was directed to look back at the original 


point of fixation. This movement from the finger back to the original position was 


the rotation studied. Immediate observation was made upon the direction and extent 


of the movements in the vitreous after cessation of rotation. The motion during 


rotation of the eye, of course, was not observed, only the postrotational movement. 


If a difference between the movements of primary and secondary vitreous exists, 


this also was not observed. 


Several points of interest were immediately apparent. First, the movement does 


not suggest that of a firm gel; rather, it appears to be a somewhat loose and flowing 


one, through which the rotational forces are made effective by some type of internal 


structure. There is a very striking progressive lag from the posterior lens capsule 


back toward the center, which causes a wave of movement affecting the vitreous 


close to the lens first and that near the center last. A whip-like traveling wave 


passes through the vitreous from before backward. A settling movement follows. 


Thus, the most usual pattern of postrotational movements includes two phases : 


(1) a rapid, horizontal flowing movement in the direction of rotation, the duration 


of which is about 11% seconds (as determined by the stop watch), and (2) a slow, 


settling movement, which lasts from 7 to 15 seconds. The first, or primary, move- 


ment usually has a rather high velocity by the time the eye has fixed and rapidly 


decelerates until it stops, in from one to two seconds. The closer to the anterior 


surface the observer focuses his microscope, the more closely the primary movement 


follows the wall of the eye. The farther back he looks, the greater the lag. One 


receives the impression that there must be a structural arrangement within the 


vitreous substance which is both slack and elastic. As the slack is taken up pro 


gressively from before backward, rotational movement begins from before back- 


ward in a whip-like traveling wave (Figs. 5 and 6). One would judge by the action 


that the structural elements also stretch somewhat, snapping the visible elements 


forward as the structure shortens again. In the horizontal plane, there seems to be 


no residual change of position of the various portions of the vitreous relative to the 


wall of the globe. They appear to rotate to their original prerotational position in 


the circle. They even overshoot a trifle, as evidenced by the small reverse correc- 


tional movement in the second, or settling, phase. Damping is rapid and is almost 


aperiodic and critical. The overshoot is minimal, as though the viscosity were great. 


The second phase, or settling movement, begins immediately after the first and 


is, generally speaking, at right angles to the first. The visible elements settle by 


gravity, as in a viscid fluid. The duration of this movement is from 7 to 15 seconds, 


and the velocity grows progressively less until it is scarcely perceptible and finally 
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hig. 5.-Schematic representation of the system of slack and lag in the vitreous. The outer 
circle (S) represents the sclera, and A, B, and C indicate progressively deeper layers within 
the vitreous. As the strap M (representing a rectus muscle) rotates circle S, there is a latent 
period before circle A begins to move, during which the slack between S and A is taken up. 
rhere is an additional latent period before circle B begins to move, during which the slack 
between 4 and B is taken up. The same applies to C. When all the slack has been taken up 
and all the circles are rotating, the strain of the attachments to the outer circle reaches a 
=! When the strap ceases to pull, the outer circle (S$) comes to rest, while the 
circles 4, B, and C, because of their momentum, continue to rotate. Each in turn comes to 
rest as 4 is damped down by internal friction. In the vitreous, there is a small overshoot, as 
in 7, which is corrected, as in 8, in such manner that when all movement is over, the elements 
are in the same relative position as before movement was begun. (This representation 


is 
not intended to indicate that the vitreous is necessarily constructed in concentric 


layers. ) 


veer § Schematic representation of my concept of the comparative veloc- 
‘ ities in the sclera and different portions of the vitreous during 

rotational movement. These are not measurements and are not to 
‘ be understood as such. The solid lines represent the period during 
iy which movement could be observed with the slit lamp. The dotted 
lines indicate inferred velocities: S, that of the sclera; A, B, C 
and D, those of progressively deeper layers within the vitreous. 
A moderate-sized movement of the eyes is completed in about 
0.1 second at an average velocity of 300 degrees. In such case the 
peak velocity would probably be in the neighborhood of 600 
degrees (S). The vitreous elements lying closest to the lens an- 
teriorly (A) came to rest almost immediately after my eye became 
fixed upon them. For my retina to respond required at least another 
0.1 second. It must be that the velocity was less than that of the 
sclera, since the movement required more than twice as much time. 
Similarly, another layer lying further posterior to the lens (B) 
did not come to rest for more than half a second after rotation 
began. Again, it must be that the peak velocity was lower than 
both S and A. The velocity of C would be still lower, and in the 
deepest portion (D), where acceleration could be distinetly fol- 
lowed, after the sclera had come to rest, the peak velocity was 
comparatively small and postrotational movement continued from 
one and a half to two seconds. This system of reduced velocity 
within the vitreous correspondingly reduces the strain upon the 
attachments between the vitreous and the sclera during ocular 
movement. 
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ceases entirely. This settling movement would indicate a slackness of the supporting 
structure. The downward movement is often inclined slightly back (away from the 


direction of rotation), as stated, as though there had been a slight overshoot which 


is being corrected (Fig. 5). The downward falling movement is quite constantly 


present. It must follow that there has been a previous upward movement. [’re- 


hig. 7. Approximate path of a particle lying in the anterior lower vitreous during and after 
a short rotation in the direction indicated by the arrow above the circles. The inner circle 
represents the margin of the dilated pupil. The dashed arrow indicates the inferred movement 
relative to the globe during rotation; this cannot be observed by the methods used in this study. 
Arrows / and 2 represent the direction and extent of the first and second phases of postrotational 
movement after the globe has come to rest. The duration of the first phase is about 1.5 seconds, 
and that of the second phase, roughly 10 seconds 


A B Cc D 
2 » « 
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Fig. 8.—Normal patterns of postrotational flow or movement of the anterior portion of the 
vitreous as observed through the corneal microscope and slit lamp. 4 and B, from a 63-year-old 
man and an 18-year-old woman, respectively, are the common forms seen. C and JD indicate 
movements, respectively, in the right and left eyes of a 42-year-old man. The first phase in the 
right eye was about horizontal and of rather wide amplitude, whereas in the second phase, that 
of settling, the movements had a small excursion. In the left eye, the first phase flowed as much 
upward as in the direction of rotation. The settling phase was greater than in the right eye. 
The pattern in a given eye seems to be constant with a given rotation. / and F are the patterns 
observed in the right and leit eyes, respectively, of a 42-year-old woman. The first phase in the 
right eye was very rapid and of rather wide amplitude. The second was of small excursion 
In the left eye both phases were short close behind the lens, as though the vitreous were attached 
there, whereas further posterior there was a spiral flow, as indicated by the longer arrow. 
G shows a free-flowing first phase with a downward direction and a long second phase (man, 
aged 73). (//) In the left eye of a 52-year-old woman, a very brief, short first phase with a 


rebound was observed. The second phase was also short. This vitreous must have been firmer 
than usual or the visible elements must have been firmly attached to the lens and ciliary body. 
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— — 
Fig. 9.—Patterns found in myopic persons: A, myopia of 2.25 D., shows a common type of 
movement; B, myopia 2 D., exhibits an unusual first phase in that it is almost straight upward. 
toth these patterns were in young women. In C the movements were perhaps somewhat freer- 
flowing than usual but were otherwise ordinary, despite the fact that this eye had myopia of 


9.50 D, In D (— 4.25 sph. — 1.50 cyl.) the first phase was so rapid that it could not be followed 
with certainty. A centripetal deflection from the posterior surface of the lens was noted, 


: < 
F 


Fig. 10.—Patterns found in some abnormal eyes. 4, pattern in a case of microphthalmos. 
The postrotational movement was short and rapid and in a direction the reverse of the rotation. 
B, pattern found in heterochromic cyclitis. The flow was in the form of a spiral directed upward 
and forward. That this unusual pattern was related to the heterochromia is doubtful, because 
a similar symmetrical pattern was found in the normal fellow eye. C and LP) are from the right 
eye rotating to the right and left, respectively, in a 40-year-old man. This eye was struck by an 
arrow during childhood, and the lens subluxated medially. The first phase, after right rotation, 
was free-flowing and almost horizontal, whereas after left rotation movement was snubbed 
sharply before reaching the center and was deflected upward, as though meeting an obstruction 
which was not visible. /:, an eye which had been twice operated on for retinal detachment, with 
mechanical success. The first phase was wide and free-flowing, giving the impression of a near- 
liquid state. The second phase was short and slow. /, exophthalmos due to an orbital tumor 
(neurolemmoma at the apex, subsequently removed). The unusually short excursion of both 
phases was probably not due to the tumor. G, pattern found in a case of congenital cataract 


(age 32), and //, pattern in a vitreous filled with asteroid bodies. In // the movements were 
not especially unusual, but they could be very well observed. 
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sumably, this takes place during the rotation of the eye and must be upward and 
in the reverse direction from that of the rotation. It is so rapid that it is completed 
by the time the eye comes to rest in fixation (Fig. 7). 

Both phases of postrotational movement vary in rate; the firmer the vitreous, 
the more rapid the primary following movement; the more liquid, the greater the 
lag—at least this is the impression one receives. The downward secondary move- 
ment is always much slower than the primary, but this rate also varies considerably 
among individual eyes. Individual variations are illustrated in Figures 8, 9, and 10. 
I made some observations on my own muscae and found the movements to be very 
similar to those found in the eyes of patients (Fig. 11). 


A 


Fig. 11—Movements of the muscae in my right eye: A and 4, movements in horizontal left 
and right rotation, respectively. In left rotation, there was a spiral downward movement of some 
of the shadows, not shared by all. C and D, movements in leit and right rotation while looking 
downward at a sheet of paper. 


TRANSMISSION OF FORCES 


Thus far, in the discussion, no mention has been made of other possible routes 
of transmission of rotational force to the vitreous than through its external attach- 
ments and internal structure. There are other routes, namely, the convex posterior 
surface of the lens, which lies in the patellar fossa, and internal friction or viscosity. 

In a physical system consisting of a viscid or gelatinous mass, enclosed within 
a sphere, but unattached to that sphere, any flattened or protuberant (internal ) 
area on the wall of the sphere would aid in imparting motion to the mass as the 
enclosing sphere is rotated. The vitreous fits accurately within the enclosing 
spherical sclera. The lens constitutes a convex area upon the inner surface of the 
enclosing sphere. (Relative to the vitreous through its zonular attachments, the lens 
actually is a part of the enclosing wall.) Through its posterior convexity, the lens 
thus has a sort of grip or hold upon the vitreous, by means of which it can impart 
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rotational forces to the latter quite independently of any attachments. After rotation 
of the globe has ceased and the vitreous continues to rotate in the postrotational 
movement, the convexity of the lens has a damping effect. 

Once the surface of the vireous has begun to rotate, the torsional forces are 
transmitted progressively deeper into the vitreous by internal friction or viscosity, 
as well as by the slack and elastic internal structure. 

Consider the interplay of forces which are involved at a point on the equator 
laterally at 3 o’clock when the left eye is rotated from a position 25 degrees nasally 
to the primary position. The velocity of the movement imparted to the wall of the 
eye by the extraocular muscles is in the magnitude of 300 degrees per second."* 
However, that is the average velocity. At its high point in the middle of the move- 
ment, the velocity is doubtless at least twice that. Hence, the acceleration of the 
wall is very rapid. On the other hand, the vitreous begins to move only after a 
brief latent period, during which there is a slight relative horizontal movement 
between the wall and the surface of the vitreous. Then the surface layer of the 
vitreous (hyaloid membrane ) begins to move. This, in turn, is followed by angular 
acceleration in the layers of the vitreous immediately beneath the hyaloid, and this, 
in turn, by angular acceleration in each successively deeper layer until the center is 
reached, The rotational force is imparted to the hyaloid membrane at the radius 
under consideration through the pull of the attachments at the macula and dise (and 
equator, if any). It is even likely that the pull is transmitted all the way from the 
base of the vitreous at 9 o'clock on the opposite medial side of the eye, past the disc 
and macula, and then anteriorly to the point under consideration. (It is scarcely 
conceivable that the attachment of the base at 3 o'clock could impart force to the 
hyaloid, at the point under consideration, by pushing, but the denser ring just within 
the base may act by pushing.) The rotating force is then carried from the hyaloid 
membrane progressively into the deeper layers through a pull on the structural 
framework as the slack in this is progressively taken up. Thus, angular acceleration 
is imparted to the whole vitreous (Figs. 5 and 6). 

The torsional force acting upon the vitreous attachments would be greatest at 
that moment when the inertia and internal friction of the vitreous offer the greatest 
resistance to the angular acceleration. That point would come at or before the great- 
est velocity is reached.* When rotation ceases and the eye fixes again, the relative 
motion between the wall and the vitreous reverses in direction. Deceleration begins 
immediately in the vitreous. In fact, at the hyaloid membrane deceleration begins 
practically at the same time as that in the wall of the eye, which would probably 
be somewhere near the midpoint in the are of rotation. Deceleration would con- 
tinue in the various layers of the vitreous progressively from the outside toward the 
center until, at the end of one or two seconds, the deepest parts have come to rest 
as far as following horizontal movement is concerned. (In the deeper layers of the 
vitreous the change from acceleration to deceleration does not occur at the midpoint 
in time of the rotational are because the rate of acceleration imparted by the pul! 
on the internal structure is greater than the rate of deceleration imparted by internal 


friction during the floating movement of deceleration [Fig. 6]). During postrota- 


tional movement, there is undoubtedly a pull on the attachments beween the vitreous 


* There are some centrifugal forces involved, especially when the velocity is high, but they 
are probably not of much significance 
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and the wall, due to the momentum in the moving vitreous. However, the pull or 
tug on these attachments in deceleration would never be as great as during accelera- 
tion because the internal friction which resisted acceleration, thereby increasing 
the pull on the attachments, would act to assist in the deceleration, thus decreasing 
the pull on the attachments necessary to bring the vitreous to rest. The effect of 
the impact and deflection at the lenticular convexity would serve to dampen the post- 
rotational movement further. Hence, if any damage were ever done at the points 
of attachment of the vitreous, as presumably happens when the retina tears prelim- 
inary to detachment, that damage would occur during acceleration. 


POINTS OF GREATEST STRAIN 


It should be possible in a very general way now to locate the points of greatest 
strain upon the vitreous attachments during rotation if the known attachments are 
considered. Given a medial rotation of the left eye, the movement of the anterior 
vitreous relative to the lens during acceleration would be directed laterally. The 
force of the inertial sag or lag of the vitreous mass located between the disc and 
the ora would fall upon the attachments at the medial equator, the base of the medial 


Measurement on Three Preserved Human Eyes and on One Fresh Eye 
Between the Optic Nerve and the Limbus 


Average Average 
Measurements Measurements 
Preserved Fresh Eye, 
Eyes, Mm. Mm. 


ora, the medial aspect of the convexity of the lens and Eggers’ line (where a change 
of direction would be imparted), the lateral side of Eggers’ line, the lateral base, 
and the lateral equator. The attachments on the lateral side of the center of the lens 
would be partially protected from the full force of the flow by the convexity of the 
lens, which would impart to the vitreous a centripetal acceleration with a damping 
influence. The full force would fall upon the attachments medial to the lens, and if 
any damage resulted in medial rotation, it would be on the medial side. Similarly, 
the greatest force in lateral rotation would fall upon the attachments lateral to the 
lens, and if damage should occur it would be here. 

The distance between the optic nerve and the limbus is greater on the lateral side 
of the eye than on the medial side and is greater above, at 12 o'clock, than below, 
at 6 o'clock (Table). These differences would be even greater between the disc 
and the equator. Presumably the spatial relations between the disc and the basal 
attachment of the vitreous are similar, and hence the vitreous mass on the lateral 
side, between the disc and the ora, should be greater than that on the medial side, 
and it should be greater above than below. There is a vitreous attachment at the 
disc and a smaller one at the macula. These attachments are weaker than the anterior 
ones but, as long as they are intact, must serve like the others to impart rotational 
force from the wall of the eye to the vitreous and would relieve the attachments at 
the equator and in the anterior segment of a portion of the rotational force. Because 
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of the eccentric position of the disc on the medial side of the posterior pole, the relief 
of strain upon the equatorial and anterior attachments afforded by the attachment at 
the disc would be greater on the medial than the lateral side, and greater below than 
above. Hence, other factors being equal, the strain upon the equatorial and anterior 
attachments would be greater in lateral than in medial rotation, and greater in 
upward than in downward gaze. Another factor which would make the strain 
greater above than below is the fact that the slack in the internal vitreous structure 
(where it can be visualized anteriorly) gravitates toward the bottom of the eye. 
As the eye rotates upward, the strain comes first upon the upper vitreous structure 
and later upon the lower, as the slack is taken up, 

Considering all these facts, other factors remaining equal, the greatest strain 
upon the anterior and equatorial vitreous attachments should come during accelera- 
tion in lateral rotation, and the point of maximum strain would be located some- 


LOCATION OF TEARS 
Temporal 
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1 oral disinesertion macular holes 


1 oral disinsertion 
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Fig. 12,—Distribution of tears found by Appleby and Pischel 2 in 100 cases of retinal detacli- 
ment. Each dot represents a tear. It will be observed that most are in the upper outer quadrant 
(Consent was obtained from the author and from the editor of the American 


Journal of 
Ophthalmology to reproduce this illustration. ) 


where in the upper lateral quadrant. One cannot, of course, assume that other fac- 
tors are equal. The likelihood is that the attachments at Eggers’ line, the base, and 
the equator are not symmetrically placed or of equal extent and strength on the 
medial and lateral sides. Such asymmetries in strength and position would be sig- 
nificant, as would the action of the attachment at the macula. Moreover, tears are 
not necessarily confined to normal attachments. They may be caused by abnormal 
attachments. 

Nevertheless, as a matter of fact, our thesis would appear to be essentially cor- 
rect, as indicated by the distribution of retinal tears. More retinal tears occur later- 
ally than medially and in the upper half of the eye than the lower. The center of 
the greatest incidence is in the upper outer quadrant (Fig. 12).2 The U- and 
V-shaped tears are usually oriented with the apex of the tear directed posteriorly 
and the base anteriorly, and the vitreous attachment which caused the tear is found 
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on the anterior lip.’* This indicates that at the moment of tear the vitreous was 
moving anteriorly, i. e., toward the lens. If the greatest strain occurs during accel- 
eration, that would mean that the wall of the eye at the tear was moving backward. 
Tears in the lateral part of the retina would, therefore, occur during acceleration of 
lateral rotation and tears in the medial part during acceleration of medial rotation. 


SUM MARY 


The vitreous is attached to the wall of the eye in a number of areas. The largest 
and strongest is a circular band just anterior to the ora serrata. This attachment 
is variously known as the base or the vitreoretinal symphysis. There is another ring 
of attachment to the lens capsule, known as Eggers’ line, and there is a ring at the 
dise and a small attachment at the macula. In addition, weaker attachments in the 
region of the equator and anterior to it, whether normal or abnormal, are usual. 
These last attachments are important. As the eye rotates in the ordinary movements 


associated with vision, torsional forces are applied to the vitreous through its attach- 
ments, causing the vitreous to rotate also. Owing to its inertia, the movements of 
the vitreous lag behind those of the wall of the eye. The loose character of the struce- 
ture of the vitreous and its viscid nature make these internal movements more or less 
characteristic. The velocity of the eye movements, 1. e., cornea and sclera, 1s com- 
paratively high, and these movements consist of two phases—acceleration and decel- 
eration. The velocity is greatest at about the middle of the rotational movement, 
when acceleration ceases. Through its attachments, the vitreous accelerates also, 
but only after a short latent period, during which the slack in its internal structure 
is taken up. This latent period increases progressively from the hyaloid membrane 
toward the center. The strain upon the attachments would presumably be greatest 
about the time of the highest velocity in the wall of the eye, at which point the pull on 
the attachments would be due to the inertial resistance of that part of the vitreous 
already set in motion plus the internal friction. Early in deceleration of the wall 
of the eye, the pull upon these attachments would cease momentarily and then, as 
the momentum of the revolving vitreous carried it along in the direction of rotation, 
the pull would be resumed, but in the reverse direction, and the vitreous also would 
begin to decelerate. The pull upon the attachments during deceleration would con- 
sist in the force necessary to bring the vitreous to rest minus the damping of internal 
friction and minus the damping influence of the convex posterior surface of the lens. 
Moreover, the time of deceleration is much greater than that of acceleration, another 
factor which would reduce the forces involved in deceleration. Therefore, the great- 
est strain would always come during acceleration in any movement. 


The elements in the anterior vitreous which can be visualized by the slit lamp 
move along rather characteristic pathways, which have wide normal variations 
among individual subjects, but which for a given eye seem to be quite constant. 
The vitreous movement during rotation of the sclera is so rapid that one cannot 
follow it, but one can infer its character. The anterior portion of the primary 
vitreous hangs suspended, as it were, upon drapes which are attached above and 
are slack below. As the eye rotates, force is applied first to the attachments above, 
from which the “drapes” are hanging, and the lower portions of the vitreous swing 
upward in relative counterrotation. The movement is similar to that which would 
he imparted to a child’s swing if the supports were suddenly projected forward. 
The postrotational movements, i. ¢., after the sclera has come to rest, can be seen 
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very well. By the time the eye comes to rest and the observer has fixed his eye on 
the vitreous, he finds it streaming by the posterior surface of the lens in the direction 
of rotation, more or less horizontally. This motion ceases in from one to two seconds, 
after which another motion begins immediately, namely, a settling toward the bot- 
tom, with typically a slight counterrotational inclination, as though there had been 
a small amount of overshoot. The damping is critical, and there is usually no oscilla- 
tion and comparatively little overshoot. This second phase of postrotational move- 
ment may continue from 7 to 15 seconds, 

The distance on the surface of the vitreous between the disc and the ora serrata 
is greater on the lateral than on the medial side. Hence, one would expect a greater 
mass of vitreous to sag against the anterior and equatorial attachments during lateral 
rotation than during medial rotation. Similarly, one would expect a greater inertial 
sag against the anterior and equatorial attachments during upward gaze than in 
downward gaze. By virtue of the fact that the vitreous structure hangs as though 
suspended from above, one would expect greater force due to inertia of the vitreous 
to be applied above than below in all directions of gaze unless it be downward. Con- 
sidering all these factors, the greatest strain during ordinary daily use of the eyes 
would come upon the vitreous attachments in the upper outer quadrant. If this is 
true, then, other factors being equal, most retinal tears of the vitreous type should 
occur in the upper outer quadrant. Other factors are probably not equal; never- 
theless, it is true that most tears occur in the upper outer quadrant. This would 
indicate that it is the minor attachments, whether normal or abnormal, rather than 
the major ones, which cause retinal tears, with the exception of disinsertion. The 
vitreous attachment which causes any given tear is found on the anterior lip of the 
tear, and when the tear is U-shaped or V-shaped, the base lies anteriorly. This 
would indicate that the tear occurred when that portion of the wall of the eye was 
moving backward and the vitreous had a relative forward movement. 

The effect of the eccentric position of the disc on the distribution of tear may 
be due to the internal structural arrangement as much as to the actual attachment 
at that point, as indicated by the experiments on the ox vitreous. 

Thus, we find that there is a great difference in the acceleration and velocity of 
the shell of the eye, as contrasted with the gelatinous interior, which difference 


appears to be purposeful. The optical system and the retina are an integral part of, 
or attached rigidly to, this outer shell, which composes one-fourth of the mass of 
the eye. The movements of the optical system and the retina must be sufficiently 
rapid to avoid visual impression. When the eye is rotated from one position to 
another, there is no visual impression. Such movements consume 0.1 second or 


less. The acceleration and velocity involved are high. It is not necessary that the 
gelatinous vitreous (three-fourths of the mass of the eye) move so rapidly. Through 
a device of slack and lag in the internal structure of the vitreous, the time involved 
in rotation is increased 10 to 20 times over that of the retina and sclera. The force 
at the attachments has been correspondingly reduced. The work of moving the 
vitreous is accomplished, but, because of the increased period of time, the necessary 
forces involved are very greatly diminished. This protects the vitreous attachments 
from undue strain in the numerous, sudden, jerky movements incident to the daily 
use of the eyes. 

If significant differences exist between the movements of the primary and those 
of the secondary vitreous, these were not observed in this study. 
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CONCLUSIONS 


1. The rotation of the visible vitreous during eye movements presents three 
aspects: the first, during rotation of the eye, in which the anterior portion of the 
vitreous moves upward and in relative counterrotation; the second, or first post- 
rotational phase, during which the vitreous flows rapidly in the direction of rotation, 
and the third, or second postrotational phase, in which it settles slowly downward 
and slightly back into the bottom of the eye. 

2. The torsional force applied through the vitreous attachments would be 
greater during acceleration than deceleration and greatest about the time the velocity 
reaches its highest point and the inertial drag of the vitreous is greatest. 

3. The greatest strain upon the anterior and equatorial vitreous attachments 
normally would seem to be in the upper outer quadrant. 

4. The system of loose structure within the vitreous permits of slack and lag, 
which greatly reduce the acceleration and velocity of the vitreous as compared with 
those of the sclera and retina during eye movements. This device of slack and lag 
diminishes the amount of necessary force to which the vitreous attachments are 
subjected. 


Dr. Howard Hanson, of the Physics Department of the University of Minnesota, Duluth 
Branch, assisted in working out the mathematical and physical formulae, and the Elliott Packing 
Company, of Duluth, provided me with the material used in the experimental study. 
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OXYPHENONIUM (ANTRENYL) 


A Potent Atropine Substitute 
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XYPHENONIUM (Antrenyl), a synthetic quaternary ammonium salt 

(diethyl |2-hydroxyethyl]| methylammonium bromide a-phenylcyclohexane- 
glycolate ), is a powerful mydriatic and cycloplegic drug. Its anticholinergic phar- 
macologic effects are essentially the same as those of atropine and are obtainable 
with approximately the same concentration of drug.’ Oxyphenonium is_ stable 
in tablet or solution and may be administered topically, orally, or parenterally. 
It is freely soluble in water and almost completely insoluble in nonpolar solvents. 
Oxyphenonium has been used clinically in the therapy of peptic ulcer and allied 
digestive disorders * and as a preanesthetic medication. 


LABORATORY EVALUATION OF OXYPHENONIUM 
Excellent mydriasis, persisting for four to eight days, is produced in adult 
albino rabbits by a single ocular instillation of one drop of 5% oxyphenonium 
bromide in 1:5,000 benzalkonium (Zephiran) chloride. This mydriasis is com 
plete within an hour. A 1% oxyphenonium solution produces complete mydriasis 
for two days, with return to normal by the fifth day. Table 1 presents results 
obtained with a single instillation of 0.5% oxyphenonium bromide in 1: 5,000 
benzalkonium chloride in 30 rabbit eyes. Two-thirds of the eyes showed complete 
mydriasis for one day, then gradually returned to normal by the fourth day. For 
comparison, Table 2 depicts the action of 1% atropine in 1: 5,000 benzalkonium 
chloride on eight rabbit eyes. Six of the eight eyes were never completely dilated, 
and within 24 hours all pupils were normal. Comparison of Tables 1 and 2 would 
seem to indicate that 0.5% oxyphenonium is much more potent than 1% atropine 
-this contrast cannot be carried over directly to humans, however, because many 
herbivora, including rabbits, have a species characteristic permitting them to 

detoxify belladonna alkaloids at a greater rate than do humans. 


The oxyphenonium-dilated rabbit iris is refractory to the miotic action of 0.05% 
diisopropyl fluorophosphate in peanut oil or of 2% pilocarpine hydrochloride in 
1 : 5,000 benzalkonium chloride. Twenty-two rabbit pupils were dilated with one drop 


Ciba Pharmaceutical Products, Inc., Summit, N. J., supplied the Antrenyl used in this project. 

Instructor, Department of Ophthalmology, University of Michigan Medical School (Dr. 
Havener) 

Associate Professor, Department of Ophthalmology, University of Michigan Medical School 
(Dr. Falls) 
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of 0.5% oxyphenonium bromide in 1: 5,000 benzalkonium chloride. Four hours 
later, and again five hours after the oxyphenonium instillation, a drop of diisopropy! 
fluorophosphate was placed in one eye of each rabbit. Nine of the 11 eyes so treated 
were uninfluenced by the miotic, as judged by the paired, control eye. Two of the 
11 pupils so treated had returned to normal size by seven hours and were still nor- 
mal at all subsequent observations. In repeating the above experiment with 2% 
pilocarpine hydrochloride, it was observed that the oxyphenonium mydriasis was 
uninfluenced in all 11 rabbits. 

In rabbits, despite a very severe iritis, ocular instillation of 5% oxyphenonium in 
1: 5,000 benzalkonium chloride once daily maintained excellent mydriasis and pre- 
vented secondary complications (16 eyes). This was proved during the course of 
a study to evaluate the action of specific antifungicides in controlling anterior seg- 


Tase 1.—Reaction of Rabbit Eyes to Single Drop of 0.5% Oxyphenonium Chloride * 


Two Three Four 
Start 4Hours One Day Days Days Days Days 

No light..... we 30 22 1 

Blight light ...... ‘ 6 ee 


* The figures represent the number of rabbit eyes showing the given degree of pupillary reaction to 
Ught at the stated time. 


Tasie 2.—Reaction of Rabbit Eyes to Single Drop of 1% Atropine * 


Two Three Four Five 
Start 4Hours One Day Days Days Days Days 


No light ... 2 
Blight light ..... 1 


BARE 


* The figures represent the number of rabbit eyes showing the given degree of pupillary 


reaction to 
light at the stated time. 


ment ocular infection with Sporotrichum schenckii. (Untreated ocular sporotrichosis 
produced a virulent, destructive iridocyclitis with secondary complications serious 
enough to destroy functionally seven of eight rabbit eyes. ) 

In all rabbits, repeated instillation of 5% oxyphenonium (daily for several months 
during several experiments) did not produce injurious ocular effects. The drug 
was apparently irritating in 5% concentration, producing transient conjunctival 
exudation shown microscopically to consist of polymorphonuclear leucocytes in 
a fibrinous matrix. This ocular irritation and exudation was occasionally present with 
the use of 1% solutions, but never with 0.5%. 

No rabbit showed any allergic response to oxyphenonium. 


CLINICAL EVALUATION OF OXYPHENONIUM 


It is relatively difficult to assess the value of a potent atropine substitute clinically. 
Che disability of prolonged cycloplegia discourages volunteers and precludes the use 
of refraction patients. The degree of individual mydriasis varies markedly after 
ocular surgery, in iridocyclitis, and in other pathologic conditions requiring mydriatic 
therapy. Cycloplegic effects are likewise not readily studied in diseased eyes 
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The antigenic behavior of topically applied drugs is, however, easily determined. 
P. J. (University of Michigan Hospital, #753686) was a postoperative cataract 
patient with typical severe atropine sensitivity. Change of medication from 1% 
atropine to 0.5% oxyphenonium resulted in prompt subsidence of symptoms. Good 
mydriasis was maintained, and no evidence of sensitivity to oxyphenonium devel- 
oped during the two weeks of postoperative therapy with oxyphenonium. Twelve 
patients with marked ocular atropine sensitivity have been treated with oxyphe- 
nonium. Not one patient exhibited cross sensitivity to oxyphenonium, nor did any 
develop oxyphenonium allergy during the course of therapy. Mydriasis was 
adequate in all, and the primary pathologic state followed the expected course. 

After cataract surgery, 14 patients were treated with oxyphenonium, 1% in 
1: 5,000 benzalkonium chloride, one drop daily. Additional medication with 10% 
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Molecular structure of acetylcholine, atropine, scopolamine, and oxyphenonium (Antrenyl). 


phenylephrine (Neo-Synephrine) hydrochloride and 1% oxyphenonium bromide 
ointment was considered advisable in approximately two-thirds of these patients to 
secure the desired mydriasis. Three patients did not have adequate dilation with the 
oxyphenonium-phenylephrine regime, and the therapy was changed to 1% atropine. 
In one of these three patients the pupil dilated better with atropine, but the other 
two showed no increased response. It was concluded that 1% oxyphenonium, one drop 
daily, did not produce quite as consistent a mydriasis as that effected by atropine in 
similar dosage. Oxyphenonium therapy was definitely adequate when supplemented 
as indicated by 1% oxyphenonium ointment and 10% phenylephrine solution at the 


time of the daily postoperative dressing. (Atropine mydriasis also commonly 
requires supplementation by 1% atropine ointment and 10% phenylephrine. 


In the three patients in whom 1% oxyphenonium was used as a cycloplegic, the 
drug was found to be essentially comparable to atropine. This finding is in agree- 
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ment with that of Hurwitz,* who reports that in clinical use 5% oxyphenonium pro- 
duces prolonged cycloplegia and mydriasis without untoward effects or appreciable 
irritation. 

A 1% or a 0.5% solution of oxyphenonium chloride in 1: 5,000 benzalkonium 
chloride was not irritating to the human eye. It is our belief that a 1% solution is 
optimal because it produces the desired effect and is not strong enough to cause 
smarting or conjunctival discharge. Furthermore, a single drop of a 5% solution 
contains more than 3 mg. of potent drug—-whether atropine or oxyphenonium, a 
dose sufficient to produce oral dryness, constipation, and possibly urinary difficulty 
in a susceptible elderly patient. 


COMMENT 


Parasympatholytic drugs are effective by virtue of their resemblance to the para 
sympathetic effector substance acetylcholine. They are chemically similar enough 
to form a combination with the end-organ as would acetylcholine, but are not sus- 
ceptible to destruction by cholinesterase and therefore “block” the end-organ. The 
accompanying Figure clearly illustrates the similarity between acetylcholine and 
anticholinergic compounds. The essential structure is apparently the esterification 
of an organic acid with an amine base. It is striking how great a pharmacologic 
difference may be made by only a small change of the molecular configuration. 
Specifically, scopolamine differs from atropine only in having an oxygen bridge 
between two carbon atoms, and thereby is antigenically changed enough to permit 
its use in atropine sensitivity. Synthetic anticholinergic compounds, such as oxyphe- 
nonium, are much more unlike the atropine molecule than is scopolamine, and yet 
retain the required basic similarity to acetylcholine. 


SUMMARY 


Oxyphenonium (Antrenyl) is a synthetic, long-acting, potent anticholinergic 
drug. In rabbits the mydriatic effect of oxyphenonium is very much more marked 
and prolonged than that of atropine; however, the rabbit can detoxify belladonna 
drugs much more rapidly than can man. Oxyphenonium mydriasis in rabbits is 
resistant to the effect of diisopropyl fluorophosphate and pilocarpine. 

Clinical evaluation indicates that oxyphenonium is satisfactory for use in cases 
of atropine sensitivity. No cross sensitivity between these two drugs was observed 
in 12 cases of atropine allergy. The effect of 1% oxyphenonium bromide in 1: 5,000 
benzalkonium chloride is practically comparable in degree and duration to that of 
1% atropine, and these two drugs may be used interchangeably in ophthalmic 
therapy. 

Dr. Irving Shapiro, Dr. Robert Kobs, and Dr. William Roberts helped in the preparation 
of this paper 7 


* Hurwitz, Paul: Personal communication to the authors 
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HlX CONSTANT search for new synthetic mydriatic and cycloplegic drugs 

as substitutes for homatropine and atropine continues to stimulate the investi- 
gator. Most recently, cyclopentylate (Cyclogyl) ' and its allied chemicals * have 
met with some degree of success as short-acting cycloplegic replacements for homat- 
ropine. 

Other similar-acting agents,’ whose initial effectiveness proved illusory, have, 
however, attained limited, though valuable, purposes in the ophthalmological arma- 
mentarium. Several such drugs are hydroxyamphetamine (Paredrine), phenyleph- 
rine (Neo-Synephrine), eucatropine (luphthalmine), and Dibutoline.® 

There is no adequate long-acting synthetic cycloplegic substitute for atropine. 
Only BL 1397 (B-B-diphenyl-y-dimethylaminovaleramide ) approaches the efficacy 
of atropine in its autonomic ganglion-blocking action and its cycloplegic-mydriatic 
effect. However, it has not been made available. 


Oxyphenonium (Antrenyl), as a potential substitute for atropine, came to our 
attention during the clinical study of its systemic administration, because of its 
side-reactions—dryness of the mouth and pupillary dilation. The prolonged cyclo- 
plegic and mydriatic action of this drug became immediately apparent after ocular 
instillation. 

Oxyphenonium is a synthetic quaternary compound, structurally related to 
adiphenine (Trasentine) hydrochloride. It is crystalline and easily soluble in 
water, with a neutral reaction. Chemically, it is diethyl-(2-hydroxyethyl )-methyl- 
ammonium bromide-a-phenyleyclohexaneglycolate. 

Oxyphenonium is used as an antispasmotic and autonomic ganglion-blocking 
agent in the treatment of peptic ulcer and in spastic disorders of the gastrointestinal 
and urinary tracts. Its spasmolytic action, exceeding that of atropine, renders it 
valuable in the treatment of bronchial spasm. 


PHARMACOLOGY 


Laboratory results prove oxyphenonium to be anticholinergic, a strong pilo- 


carpine antagonist, and an autonomic ganglion-blocking agent. Bronchial spasm 


The Antrenyl was supplied by Ciba Pharmaceutical Products, Inc., Summit, N. J 
From the Eye Department oi the Cook County Hospital and Chicago Medical School 
* References 2, 3, and 4 
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and salivation, normally induced by pilocarpine, are completely allayed by the sys- 
temic administration of minute doses of oxyphenonium. Likewise, spasm of the 
uterus of the guinea pig, stimulated by pilocarpine, can be prevented, as well as 
terminated, by oxyphenonium. The strong anticholinergic effect of oxyphenonium 
is demonstrated by the complete cessation of small intestine spasm caused by 
acetylcholine. Oxyphenonium also abolished the effect of acetycholine in stopping 
the beat of the isolated heart. 

Salivation and pupillary dilation normally follow electrical stimulation of the 
preganglionic cervical sympathetic fibers. Oxyphenonium injected intra-arterially, 
through a branch of the lingual artery, acts as a ganglionic block and results in a 
suppression of these responses. Faradization of the postganglionic fibers of the 
cervical sympathetic nerve results in a restitution of the salivation and pupillary 
dilation. 


CLINICAL STUDIES 


Oxyphenonium was prepared for experimental use as a 5% ophthalmic solu 
tion, in isotonic saline and also in several buffered solutions. Despite the various 
vehicles used, the drug caused a moderate burning sensation and occasionally a 


TasLe 1.—Mydriasis 


Onset, Completion, Degree, Duration 
Min. Min. Mm. 


22 
35 55 
35 


Average 


conjunctival secretion. One drop of a topical anesthetic preceding instillation of 
the oxyphenonium eliminated the burning. 

Primarily, this study is concerned with the mydriatic and cycloplegic effect of 
oxyphenonium. A secondary noteworthy aspect is the reaction in patients allergic 
to atropine. 

M ydriasis.—Twenty adult patients were studied especially for mydriasis. After 
one drop of 5% oxyphenonium bromide solution, the pupil commenced dilating in 
15 to 35 minutes and was dilated maximally within 37 to 80 minutes. This dilation 
was slightly wider than with atropine and persisted for 10 to 21 days, in eyes of 
white persons and Negroes alike. The results for seven of these patients are cited 
in Table 1. 

Cycloplegia.—In the same group of 20 patients the cycloplegic effect of oxy- 
phenonium was studied. Cycloplegia commenced in 20 to 45 minutes, following one 
drop of 5% oxyphenonium bromide solution, and was complete in 40 to 90 minutes 
The residual accommodation was determined by measuring the near point after 
correcting the distant refractive error. The residual accommodation after oxyphen- 
onium was +0.50 to +1.50 D. This finding compares favorably with a residual 
accommodation of +-0.50 to +-1.75 D. after atropinization. The cycloplegia per- 
sisted from 7 to 17 days. Table 2 cites seven of these patients. 
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A 

Yr Race 

Ww 75 19 

26.. Ww 8.0 18 

N 7.5 18 

80. w 25 8.0 10 

% N 30 55 6.5 10 

42. Ww 25 60 8.0 21 

N 30 60 7.5 18 

eer 22-35 50-80 6.5-8.0 10-21 
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Tonometric readings before and after oxyphenonium revealed no significant 
alteration in intraocular pressure. However, there is no doubt that oxyphenonium 
may precipitate glaucoma, as may any mydriatic. 

The cycloplegia and mydriasis of 5% oxyphenonium are so intense that they 
cannot be counteracted individually with 2% pilocarpine, 0.5% physostigmine, 1.5% 
carbochol, or 0.1% diisopropyl fluorophosphate, or by the cumulative action of all 
together. Therefore, oxyphenonium should be used only when there is no danger 
of precipitating glaucoma. 


TaBLeE 2.—Cycloplegia 


Residual 
- Onset, Completed, Acecommo- Duration, 
Age Race Min. Min. dation, D. Days 
31 Ww 35 55 + 1.00 10 
25 Ww 80 58 + 1,00 10 
14 N 35 62 + 1.00 
30. Ww 45 80 + 0.50 7 
30. N 35 55 + 0.50 j 
42.. Ww 30 85 + 0.75 7 
oe N 35 9 + 1.50 17 


Average.. + 0.50-+ 1.50 


TaBLe 3.—Comparison of Oxyphenonium and Atropine 


Mydriasis Cycloplegia Duration, Days 
Com- Com- Cyclo- 
Drug Onset * pleted * Onset * pleted * Mydriasis plegia 


Oxy 20 50 20 45 20 16 


Atr. 20 35 20 35 12 12 
6 Ww Oxy. 15 45 25 66 20 10 
Atr. 20 45 20 45 4 9 
7 N Oxy. 30 40 30 49 15 4 
Atr. 30 40 oO 40 il 8 
4 Ww Oxy. 15 87 27 40 17 M4 
Atr. 20 40 20 40 ll 9 
il N Oxy. 20 40 20 40 17 10 
Atr. 20 40 20 40 ll 10 
5 N Oxy. 35 55 20 45 20 16 
Atr. 35 i) 20 40 12 10 
4 N Oxy. 25 55 25 55 16 12 
Atr. 25 25 5b 12 


* Time expressed in minutes 


The comparative cycloplegic and mydriatic effects of 1% atropine and 5% 
oxyphenonium bromide were studied in seven children with normal eyes. One 
drop of atropine was instilled in the right eye and one drop of oxyphenonium was 
instilled in the left eye of each child. 

Table 3 illustrates that oxphenonium mydriasis was slightly more rapid in 
onset and was completed in the same time as atropine. Oxyphenonium mydriasis 
began in 15 to 35 minutes, whereas with atropine it commenced in 20 to 30 minutes 
The completion time ranged from 35 to 55 minutes for both drugs. Mydriasis 
with oxyphenonium lasted 15 to 20 days; with atropine, 11 to 14 days. The mydri 
asis was maximal with both drugs. 

In these seven children, oxyphenonium cycloplegia commenced in 20 to 30 
minutes and was complete within 40 to 66 minutes. Atropine cycloplegia began 
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7-17 
Age Race 
N 
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in approximately the same time but was completed sooner. The duration of the 
cycloplegia was greater in the oxyphenonium-treated eyes, lasting 10 to 18 days, as 
compared with 8 to 12 days with atropinization. 


ALLERGIC REACTIVITY 


Six patients with ocular pathology, requiring mydriasis, developed allergic sen- 
sitivity while under treatment with atropine. Varying degrees of allergic dermatitis, 
conjunctivitis, and urticaria were manifested. Postoperative cataracts, congenital 
cataract, iritis, and uveitis were included in this group. One child, during atropini- 
zation for refraction, developed fever and an erythema. Oxyphenonium substituted 
in these cases and continued for three to eight weeks resulted in a cure of the aller- 
gies without untoward reactions. 

Oxyphenonium was used routinely in more than 100 cases of ocular inflamma- 
tory, traumatic, and postoperative conditions, requiring mydriasis or cycloplegia. 
()xyphenonium drops were used once to six times daily without complaint except 
for a burning sensation. In four cases the burning was sufficiently severe to indicate 
terminating the use of the drug. In one case, oxyphenonium was used for four 
months without ill effect. 

This treated group included preoperative and postoperative cataract patients 
and patients with traumatic cataracts, iridencleisis, postoperative retinal detachments, 
corneal transplantations, corneoscleral lacerations, iridocyclitic states, corneal ulcers, 
optic neuritis, and thrombosis of the central retinal vessels. 


COMMENT 


One drop of 5% oxyphenonium bromide solution maintained cycloplegia and 
mydriasis for periods up to two weeks. Of great value is the possible elimination of 
multiple daily doses of a drug to maintain a wide pupil in irritable and postoperative 
eyes. The maintenance of mydriasis in such eyes thus becomes a periodic office 
procedure, with the assurance of a satisfactory result, independent of the patient’s 
cooperation, 

Because of the burning sensation caused by oxyphenonium, the drug cannot 
he used in children as a cycloplegia for refraction. 


SUMMARY 


AND CONCLUSIONS 


Oxyphenonium bromide (Antrenyl) in a 5% ophthalmic buffered solution, is 
presented as an effective substitute for atropine. 

Oxyphenonium is a strong anticholinergic drug, pilocarpine antagonist, and 
autonomic ganglion-blocking agent. 

Its intense cycloplegic and mydriatic action is more prolonged than that of 
atropine, as demonstrated by use in hundreds of eyes. 


Oxyphenonium can be substituted in treatment of patients allergic to atropine, 
since no allergic reaction to oxyphenonium has been noted. 

55 FE. Washington St. (Dr. Hurwitz) 


+ Continued investigation of 5% oxyphenonium in an ointment base has resulted in 
elimination of the burning sensation, thus making possible a wider use of the drug 
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FACTORS INVOLVED IN SEVERAL TESTS OF BINOCULAR 
DEPTH PERCEPTION 


LOUISE L. SLOAN, Ph.D 
AND 


ADELAIDE ALTMAN, A.B. 
BALTIMORE 


EVERAL previous investigations * have compared tests purporting to measure 

the efficiency of binocular depth perception and have attempted by statistical 
procedures, i.e., by techniques of correlation and, in some cases, by factor analysis, 
to determine the extent to which the scores agree with one another in measuring 
individual differences in the efficiency of depth perception. In general these studies 
have shown poor agreement in the measures provided by different tests, especially 
when subjects with subnormal visual acuity were excluded. 

From a consideration of the many factors involved in the visual discrimination 
of differences in distance, it appears that this function is a complex one and that 
various tests might therefore all be valid measures of somewhat different aspects of 
depth perception. In the present study, several representative tests have been 
investigated from an analytical rather than from a statistical point of view in order 
to determine what particular aspects of depth perception each one is best fitted to 
measure. 
THEORETICAL 


CONSIDERATIONS 


A. Distinction Between Binocular and Monocular Perception of Depth—I\n 
considering the group of factors related to ability to detect differences in distance, a 
distinction can be made between the clues which are operative only in binocular 
vision and the uniocular clues, which can function both in monocular and in binocular 
vision. There are several reasons why more attention has been paid to the develop 
ment of tests dependent upon the binocular rather than upon the uniocular clues. 
Many of the uniocular clues, such as the overlapping of contours,+ the distribu- 
tion of light and shadow, and the complex of clues which come under the general 
category of perspective factors, cannot easily be varied in a quantitative manner for 
experimental study. The uniocular clue based upon the visual angles subtended 
by the test objects may provide no real information if the observer does not know 
their actual sizes. In certain situations, for example, when the two objects whose 
distances are compared are known to be the same size, the regular change in sub- 
tense with distance provides a quantitative clue whose efficiency can be measured. 


From the Wilmer Ophthalmological Institute of The Johns Hopkins University and 

Hospital. 
This study was carried out under Contract NONR-248(24) between The Johns Hopkins 

University and the Office of Naval Research. 

* References 1 to 6. 

+ References 7 and 8. 
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The accommodation clue, determined by changes in the divergence of the rays of 
light with distance, is also amenable to quantitative study. Motion parallax, based on 
a difference in the rate of movement of the retinal images across the retina with 
lateral movement of the observer’s head relative to the test objects, is another aspect 
which can be varied and studied quantitatively.t One important reason why more 
tests have not been developed for measuring differences in sensitivity to the various 
uniocular clues is that these perhaps depend less upon physiological factors pertain- 
ing to the eyes than upon past experience and training. Probably the most valid 
reason for the greater attention paid to binocular than to monocular depth perception 
is the fact that under many conditions binocular vision provides a much greater 
sensitivity to differences in depth than does monocular vision. 


B. Factors in Binocular Depth Perception —There is some ditterence of opinion 
as to the number of clues to depth perception contributed by binocular vision. Some 
authors list as independent clues horizontal retinal disparity, physiological diplopia, 
and changes in convergence. A distinction may be made between the clues of retinal 
disparity and those of physiological diplopia if the former term is applied only to dis- 
parities too small to produce diplopia. The simultaneous stimulation of horizontally 
disparate retinal elements within Panum’s area can result in fusion and in the 
immediate perception of a difference in depth. When, on the other hand, the dispar- 
ities are such that the retinal elements stimulated lie outside Panum’s areas, they can 
result in physiological diplopia. 


A distinction can also be made between the clue determined directly by the 
physiological diplopia and that based on the changes in convergence normally initi- 


ated by this diplopia. If binocular fixation on a given object is maintained, uncrossed 
double images of a nearer object may be seen, and crossed double images of a more 
distant object. Ogle’? has shown that if the separation of the images does not 
exceed certain limits, physiological diplopia itself provides some ability to discrimi- 
nate differences in distance. Under the usual conditions of ordinary life, however, 
when attention is directed to the object seen in double images, convergence is 
changed until these merge into a single image. On the basis of experiments compar- 
ing the stereoscopic acuity with and that without change of convergence, Wright '* 
concluded that convergence makes a significant contribution, which becomes steadily 
greater with increase in the lateral separation of the objects compared. The binocu- 
lar convergence clue probably depends upon the fact that the retinal images of 
objects at different distances move across the two retinas in opposite directions, or, 
if in the same direction, by different amounts. It is, therefore, very similar to the 
monocular clue based on motion parallax. 


C. Tests for the Efficiency of Binocular Depth Perception —The three forms 
of tests investigated in the present study (later to be described in detail) are the 
Howard-Dolman test, the Verhoeff Stereopter, and a depth perception test developed 
by this laboratory for the Armed Forces Vision Tester. The last '* is commonly 
described as a stereoscopic test because separate test targets are presented to each 
eye by means of a lens-prism stereoscope. In all three forms of test clues associated 
with binocular vision are of primary importance. Significant differences in the 
experimental conditions can, nevertheless, be present in such tests; these may result 


t References 9 through 11. 
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in differences not only in the absolute values of the threshold parallactic angle but 
also in the relative rankings of individual subjects as to their sensitivity to differ 
ences in depth. The results of our experiments can best be understood if these 
factors are first discussed in some detail in relation to the three types of tests inves- 
tigated, 


1. Auxiliary Uniocular Clues: (a) Moving rod test. In the most commonly 
used version of the Howard-Dolman test, the subject’s task is to set a movable rod 


so that it appears to be at the same distance as a fixed rod located at a distance of 6 


meters from the eyes. With variation in the distance of the adjustable rod there are 
regular changes in the size of the retinal image and in the amount of accommodation 
required for a clearly focused image. Uniocular size and accommodation clues may 
therefore be available, in addition to the binocular clues. Since the subject knows 
that the two rods are equal in diameter, a perceptible difference in size of the retinal 


AVERAGE OF FOUR OBSERVERS 


Depth Ciues 
© Disparity, size, and accommodation 


@ Size and accommodation 
X Disparity 


LOG S IN CM. 


3.5 4.0 45 5.0 


LOG D IN CM. 


Fig. 1.—Change in MV (mean variation) scores with distance when different binocular and 
uniocular clues are available. The data, taken from a study by Holway and associates,'? repre 
sent the average thresholds of four subjects. 


images can give unequivocal information as to the difference in distance. The relative 
sensitivity to uniocular and to binocular clues in the conventional Howard-Dolman 
test has been investigated by Deyo.'® She found that the average monocular 
threshold (based on the average-error score) of 100 subjects was 6.35 times the 
average binocular threshold. Hirsch and Weymouth '® obtained ratios of the mon 
ocular to the binocular threshold of 2.81, 2.04, and 1.77 for testing distances of 61, 
122, and 183 meters, respectively. Recent studies by Holway and associates,"’ at 
distances ranging from 1.5 to 48 meters, also show an inferiority of monocular to 
binocular depth perception and a gradual decrease in the ratio of the monocular to 
the binocular threshold with increasing distance. At 6 meters, the distance commonly 
employed in the Howard-Dolman test, the average monocular threshold (mean varia- 
tion of equality settings) of their four observers was about five times the binocular 
threshold. 
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Prior to the studies of Holway and his co-workers, findings of this sort have 


generally been interpreted to mean that for the subject with a normally functioning 
mechanism of binocular vision the retinal disparity clue is the sole determiner of the 
depth threshold in the Howard-Dolman test. Holway and co-workers, on the other 
hand, believe that the sensitivities to the clues of retinal disparity, size, and accom- 
modation are additive and that, even though the thresholds of the uniocular clues are 
greater, they may, nevertheless, supplement the binocular disparity clue. This con 
clusion is based on their experiments showing that the binocular thresholds were 
higher when there were no concomitant changes in size and in accommodation 
associated with changes in retinal disparity. Figure 1, based on data derived from 
Table XXXI of their study, illustrates some of the findings. In the graph, the 

. distance, )), of the fixed test object is shown on the abscissa; S, the mean variation 
in the equality settings, on the ordinate. Both are plotted in logarithmic units. The 
values of S are the averages for four observers, each of whom made 50 determina 
tions at each distance. The data indicated by solid circles and by clear circles show, 
respectively, the thresholds for monocular vision, in which only size and accommo- 
dation clues were available, and the thresholds for binocular vision, in which the 
disparity clues were also present. It can be seen from the graph that the monocular 
threshold increased with distance more slowly than the binocular, so that the two 
thresholds became equal at a distance of about 40 meters. Hirsch and Weymouth,'® 
on the other hand, found that the monocular threshold was higher than the binocu 
lar even at a distance of 183 meters. The relatively greater sensitivity to the uniocu 
lar clues revealed in Holway’s study can be attributed to a difference in the experi 
mental conditions. In Hirsch and Weymouth’s studies the two rods whose distances 
were compared were separated laterally; in Holway’s tests they were in vertical 
alignment. The latter condition would be expected to provide a higher sensitivity 
to the uniocular clues of changes in subtense and in divergence of the rays. 

In Figure 1, the data indicated by crosses show the average depth thresholds of 
Holway’s four observers when retinal disparity was the only variable. These 
measurements were obtained by presenting the same vertically aligned test targets 
ina mirror haploscope. It is apparent from the graph that the binocular thresholds 
were significantly higher when the disparity clues were not supplemented by the 
uniocular clues of size and accommodation. At a testing distance of 6 meters, for 
example, the threshold was about twice as great (difference of 0.32 in log units) 
when size and accommodation were held constant. Inspection of the data giving 
the thresholds of each of the four observers suggests that individual subjects may dif- 
fer as to the increases in threshold which occur when there are no corresponding 
changes in subtense and in accommodation associated with the changes in retinal 
disparity. This is illustrated in the data for Subjects Z and J in Figure 2. The 
increase in log threshold at 6 meters with removal of the uniocular clues was about 
0.25 for Subject W and about 0.75 for Subject J. Comparison of J’s monocular 
thresholds with those of the other three subjects suggests that he has an unusu 
ally high sensitivity to the uniocular clues. 

Since a change in distance from 6 to 5 meters produces a change in vergence of 
only about 0.05 D., it is unlikely that accommodation clues could be of significance 
in the Howard-Dolman test. The contribution of size clues is, moreover, probably 
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not as great as that observed in Holway’s studies because of the lateral separation of 
the rods of the conventional Howard-Dolman test. The presence of size clues may, 
nevertheless, be a possible source of disagreement in the findings on this test when 
compared with tests in which the uniocular size clues are not in accord with the 
disparity clue. 

(b) Stereoscopic test. The depth perception test of the Armed Forces Vision 
Tester is a stereoscopic test in which the separate targets for the right and left eye 
are viewed in a lens-prism stereoscope. The apparent depth depends, therefore, 
solely upon retinal disparity. There are in the literature many references to the fact 
that the threshold parallactic angle measured by such tests may be greater than that 
determined by other methods. Langlands,'* for example, reported comparative 
measurements of the parallactic angles determined with Pulfrich’s stereoscopic plates 


SCORE ON STANDARD STEREOPTER MINUS 
SCORE ON MODIFIED STEREOPTER 


- 


NUMBER OF SUBJECTS 
3 


+10 


SECONDS 


Fig. 2.—Change in MV scores with distance for two of Holway’s four subjects. The symbols 
have the same meanings as in Figure 1. 


and with a two-rod test in which the thresholds were determined by the method of 
constant stimuli, On the stereoscopic test the thresholds of the 10 subjects ranged 
from 25 to 60 seconds; on the two-rod test, 1.8 to 17 seconds. Wolfflin 
called attention to the fact that perception of depth in a stereoscope develops slowly 
for some subjects. Hamburger *° stated that in a group of subjects all of whom had 
good and equal acuity in the two eyes, from 10 to 20% could not learn to operate 
a stereoscopic range finder because they had thresholds 10 or more times those of 
good operators. Hirsch *' believes that the scores on stereoscopic tests, as admin- 
istered at present, are influenced by some factor other than retinal disparity “to such 
an extent that the individual differences in distance discrimination are obscured.” 

If there are any factors in the experimental situation which lead the subject to 
believe that the test targets are all at the same distance, this information may act 
in opposition to the information provided by the retinal disparities. In instruments 
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such as the Ortho-Rater, the Sight Screener, the Tele-Binocular, and the Armed 
Forces Vision Tester, the tests of phoria and of visual acuity which precede the 
test of depth perception accustom the subject to expect to see a series of test targets 
all of which lie in the same plane. The studies of Holway and associates suggest that 
the absence of concomitant changes in size of the retinal image and in the accommoda- 
tion required for clear imagery might decrease the sensitivity to differences in depth 
measured on stereoscopic tests. This conflict in the information provided by unioc- 
ular and by binocular clues should be of greatest significance when large differences 
in depth are simulated by retinal disparity. If the simulated differences in depth 
are small, the changes in size of the retinal image and in accommodation normally 
associated with them may be well below the threshold. In the Vision Tester, for 
example, the largest angular disparity presented in the test series, namely, about 
40 seconds, corresponds to test objects at simulated distances of 800 and 871 cm. 
With this difference in distance, there is normally a difference in size of the retinal 
images of about 2% and a difference in accommodation of about 0.003 D. The latter 
is certainly well below the threshold. A difference of 2% in size of retinal image can, 
however, be perceived under favorable circumstances.§ It is possible, therefore, 
that the absence of concomitant size changes associated with the differences in dis- 
parity might, in the Vision Tester and in the other such tests, introduce false clues 
interfering with the perception of the simulated differences in depth. The possibility 
of eliminating the influence of conflicting uniocular and binocular clues in the stereo- 
scopic tests of depth perception by giving preliminary training in perceiving the sim- 
ulated depth of stereoscopic devices has heretofore not been adequately investigated. 
In the Vision Tester, a model is used to demonstrate what the subject may expect 
to see in the actual test. The preliminary demonstration should aid in overcoming 
any “mental set” which might result from prior testing with targets all of which 
are in the same plane. The device consists of a transparent plastic plate with four 
black circular targets painted on the rear surface and one on the front, to simulate 
one row of the test targets. As a further aid in the perception of the simulated differ- 
ences in depth associated with retinal disparity, the targets viewed in the instrument 
itself include items for preliminary practice, in addition to those comprising the 
testing series. 

(c) Verhoeff Stereopter. In the standard form of this test one of the three rods 
is either nearer or more distant than the other two by a fixed distance of 2.5 mm. 
The rods differ in width (2, 2.5, and 3 mm.) and are so oriented that in each of the 
eight arrangements the size clues are opposed to clues from retinal disparity and 
from accommodation. It should be emphasized, however, that rods of equal diameter 
would have to be widely separated to produce the same differences in angular 
subtense. It may be assumed, moreover, that the observer knows that the rods differ 
in width even if this is not specifically mentioned in the instructions. It is, therefore, 
difficult to predict on theoretical grounds alone what effects, if any, result from 
the introduction of false size clues in this test. 

A study by Niven and associates ** gives experimental data from which it is 
possible to determine the actual influence of the false size clues on the incorrect 
responses. Of the five possible incorrect answers, only two can be attributed to the 
size clues, namely, selection of the largest rod as nearer than the other two, and 
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selection of the smallest as more distant. From Table V of Niven’s paper, it can be 
determined that of the 4,800 responses given by 100 subjects, 563 were incorrect, but 
that only 304 of these were in accord with the difference in size of the rods. Since 
by chance alone about two-fifths, or 225, of the incorrect answers would fall into this 


group, it may be concluded that, although the size clues did in some cases determine 
the nature of the incorrect responses, a majority of incorrect answers were based 
solely on chance guesses. To what extent the frequency of incorrect responses 1s 
increased, and the threshold of depth discrimination therefore raised, by the presence 
of false size clues cannot be decided from Niven’s study.|| 

2. Distance of Test Targets: In our studies the Howard-Dolman test was 
administered at the usual distance of 6 meters. The depth targets of the Armed 
Forces Vision Tester are at an optical distance of 8 meters ; i. e., the accommodation 
and convergence required for clear imagery and for fusion of the right and left eye 
targets are the same as those required for objects actually located at 8 meters from 
the eyes. It has been shown in previous studies of the phoria and acuity components 
of the Vision Tester { that “apparatus convergence” and “apparatus accommoda 
tion,” resulting from the subject’s awareness of the true distance of the targets, have 
no significant influence on the measurements of phoria and acuity. These findings do 
not, however, rule out the possibility that the artificial viewing conditions might 
interfere with the ability to perceive the simulated differences in depth. 

In the Stereopter the distance of the test targets from the subject is varied in 
order to determine the minimum discriminable angular disparity. According to 
Jonkers’ study,*® the maximal distances at which correct depth judgments were 
made ranged from 210 to 90 em. in 95% of subjects with a normally functioning 
mechanism of binocular vision. Presbyopes, therefore, even though corrected for 
distance and for near, are at a disadvantage on the Stereopter when the testing 
distance falls in the intermediate range not adequately corrected either by the 
distance or by the near glasses. An uncorrected myopia will reduce acuity for dis 
tances of 6 meters or more but will have a less pronounced effect, or none at all, 
on the acuity for distances of 1 to 2 meters. Subjects with uncorrected myopia 
may therefore be expected to make relatively higher scores on the Stereopter than 
on tests of depth perception at distances of 6 meters or more. Differences in testing 
distance may also lead to discrepant findings in the case of subjects who have 
difficulty in maintaining the proper convergence if this defect is especially marked 
either for near or for distant test targets. 

Several previous studies have shown that the threshold in angular units is not 
independent of distance, as might be expected from theoretical considerations. 
(sraham,*’ for example, states that the minimum perceptible angular disparity is 
smaller at 15 than at 2.5 meters. Hirsch and Weymouth’s '* measurements of the 
monocular depth thresholds at 61, 122, and 183 meters also show that the threshold, 
expressed in angular units, decreases with distance. It can be determined from 
their average data for four observers that the threshold in linear units, S, is approxi 
mately proportional to /)'*, where 7) is the testing distance. For a constant angular 


|| The evidence from our own investigations, presented in a later section of this paper, indi- 


cates that the thresholds of some subjects are slightly lower when rods of equal width are sub 
stituted for the unequal rods of the standard test 


{ References 24 and 25. 
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threshold, independent of distance, the linear threshold (.S) should be proportional 
to D*, The smaller exponent actually observed shows that the angular threshold 
must decrease with increasing distance. Holway’s measurements '* for six distances, 
between 1.5 and 48 meters, show a similar effect of distance. In our Figure 1, 
based on their data, the thresholds determined when disparity, size, and accommoda- 
tion clues were present, fit the equation log S = 1.5 log D + c¢; i. e., S is propor- 
tional to D'*. 

3. Influence of Aniseikonic Errors: (a) Moving rod test. A difference in the 
horizontal dimensions of the retinal images of the two eyes, because of the retinal 
disparity it introduces, may influence the apparent depth differences of laterally 
separated test targets. In the moving rod tests this results in a shift in the position 
of subjective equidistance, and therefore a constant error in the setting of the adjust- 
able rod. It was shown in a previous study ** that the opposing perspective clues 
present in the conventional Howard-Dolman test reduce, but do not entirely 
eliminate, the constant error associated with horizontal aniseikonia.# It has there- 
fore been suggested in previous studies * that in order to measure sensitivity to 
differences in depth, as distinguished from constant errors in localization, a vari- 
ability score should be substituted for the average error score commonly used with 
the Howard-Dolman test.7 

(b) Verhoetf Stereopter. A horizontal aniseikonia may produce an apparent 
rotation of the face of the Stereopter about a vertical axis. This, however, can have 
relatively little effect on the ability to discriminate the difference in depth of the 
three rods, because the face of the instrument and the rods themselves provide a 
plane of reference. 

(c) Stereoscopic test. In the depth perception test of the Vision Tester, a hort- 
zontal aniseikonia may likewise produce an apparent rotation of the plane of the 
test targets, but this does not interfere with correct judgments as to which one of 
the five targets is nearer than the other four." 

4. Other Differences in Experimental Conditions: Brief mention should be 
made of other differences in the three forms of tests which might influence either 
the absolute magnitudes of the depth thresholds measured by each or the relative 
rankings of individual subjects on each test. With the Stereopter and the Vision 
Tester, graded fixed intervals of depth are used to determine the smallest difference 
in depth which can be detected in a certain percentage of trials. The magnitude of 
the threshold will, of course, depend upon the precentage selected. In the moving 
rod form of test the score is based on the errors in the settings of equidistance. 


The differences in the psychophysical procedure used to measure the threshold may 
he expected to lead to differences in its absolute magnitude. Differences in the 
dimensions and lateral separations of the test targets and in the luminances of the 
background may likewise influence the thresholds. These variable factors would, 


* References 28 and 20 

#1f vertically aligned test targets are substituted for the laterally separate ones, constant 
errors may still occur, attributable in this case to cyclophorias, declination errors, etc.2® 

+ Whether or not the constant-error score should also be considered depends upon the cir 
cumstances. In the selection of men to operate stereoscopic range finders, for example, a high 
constant error is probably of no significance, provided the sensitivity to differences in depth is 
adequate 
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however, not necessarily reduce the correlation between the test scores. The fact 
that the moving rod type of test requires eye-hand coordination on the part of the 
subject might, on the other hand, reduce its correlation with tests in which fixed 
differences in depth are presented. 


EXPERIMENTAL 


INVESTIGATIONS 


A. Instruments and Procedure.—In our studies the experimental conditions 
under which the three tests were given were chosen to eliminate as far as possible 
differences which are not essential elements of each test. 

1. Howard-Dolman Test: In the administration of this test a chin rest was used 
to prevent lateral movements of the subject’s head. The subject adjusted the position 
of the movable rod by turning a wheel instead of by pulling alternately on one of 
two cords. This modification was introduced in order to minimize the factor of 
motor skill. The test procedure has been described in detail in an earlier study.** 
For reasons already discussed, a variability score was used to measure sensitivity 
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Fig. 3.—Depth perception targets of the Armed Forces Vision Tester. 


to differences in depth. The mean variation, rather than the standard deviation, 
was chosen as the measure of variability because of the following practical considera- 
tions: The former is much simpler to compute, and for the majority of subjects 
showing no appreciable constant error it does not differ significantly from the 
average-error commonly used, The results of a preliminary study reported in the 
next section suggest, moreover, that when each subject makes only 10 settings of 
the movable rod, the mean variation and the standard deviation give essentially 
the same estimates of individual differences in depth perception. 

2. Depth Perception Test of the Armed Forces Vision Tester: Figure 3 shows 
the test targets presented to each eye. The incomplete arrows at the left of each 
target provide a preliminary check of the subject’s binocular vision, Lateral separa 
tion of the right and left components of the arrow is an indication of esotropia or 
exotropia. Vertical separation, so that two circles are seen one above the other on 
the shaft of the arrow, is an indication of hypertropia. Failure to see either the 
head or the tail of the arrow indicates suppression of the image received on one 
fovea. If the subject shows evidence of a tropia, or of continuous or intermittent 
suppression of the foveal image of one eye, on this preliminary test, it may be 
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assumed that he cannot perceive the simulated differences in depth of the circle 
targets. The arrow target may therefore be used as a quick means of eliminating 
such subjects without further testing. 

The procedure used to measure the threshold of binocular depth perception 
followed exactly that outlined in the “Manual of Instructions,’'* which reads as 
follows: 


The depth slide used to test depth perception consists of a number of horizontal rows ot 
circles, five circles in each row, one of which should appear slightly nearer to the examinee than 
the other four. In order to explain the test, the examinee is first shown a demonstration device 
consisting of a transparent plastic plate with four black circles on the rear surface, one on the 
front. As in the depth perception test itself, therefore, one circle appears nearer than the other 
four. After the plastic model of the test has been shown, the examinee is told to look into the 
instrument and his attention is directed to Group A, the three rows of circles in the upper left 
hand corner of the square. This first group is to be used to further explain the test and allow 
time for the perception of depth to develop. The top row of five circles in Group A demonstrates 
a relatively large difference in depth, the middle row a moderate difference, the bottom row a 
small difference. Some examinees may not see any depth for the first minute or so, and in such 
cases the examiner must not hurry through the practice test. He may tell the examinee the 
correct answers for the three rows of Group A and instruct him to look at each circle in turn 
until he can see that one of the five circles in each row is nearer to him than the others. The 
examiner may use the occluder to demonstrate that with monocular (one-eyed) vision all the 
circles appear in the same plane, while with binocular (two-eyed) vision one may appear nearer 
than the other four. When the examiner is satisfied that the examinee actually sees depth in at 
least the top row, he may proceed to the actual test. This is given without any help or hints 
from the examiner such as are used in the practice period. The examinee is asked to indicate by 
number, counting from left to right, which circle is nearer in the top, the middle, and the bottom 
row of Group B. If all three answers are correct, the same questions are asked for Group C, 
Group D, etc. The test is discontinued when the examinee gives one or more incorrect answers 
in any one group beyond Group B. (If one or more incorrect answers are given in Group B, 
the examiner repeats the practice session with Group A, then has the examinee try Group B 
again, followed by Group C, etc., if correct answers are now given in Group B.) The score is 
the letter of the last group in which no errors are made. If the first test group, i. e., Group B, 
is failed a second time, the score is recorded as 0. 


3. Verhoeff Stereopter: The equipment used for this test differs in several 
respects from the instrument manufactured by the American Optical Company. A 
chin rest was used to maintain a fixed position of the subject’s head. The instrument 
was not held in the hand but was supported in a mount so that its face would always 
be in the frontoparallel plane. Its distance from the subject was read from a centi- 
meter scale. The illumination was supplied by a 6-volt flashlight bulb operated 
on alternating current from a transformer. Prior to the actual tests, the subject 
was allowed to examine the targets at close range, where it was demonstrated that 
one of the three rods was always either in front of or behind the plane of the other 
two. The testing procedure was essentially the same as that employed by Niven 
and associates,** in that the subject was required to designate one of the three rods 
as either nearer or more distant than the other two. The standard instructions on 


the other hand, follow Verhoeff’s recommendations ** and permit the subject to 


select one rod as nearest and another as farthest. We found, however, that because 
the subject had already been told that two of the three rods were always at the same 
distance, these contradictory instructions were confusing. The test consisted in 
presentations of the test targets at different distances, in order to determine the 
greatest distance at which seven of eight responses were correct. The series of fixed 
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distances employed, and the corresponding parallactic angles, are listed in Table 2. 
The angular values were computed from the formula A = 33/D*, in which D is 
the distance, in meters, and A the parallactic angle, in seconds. This formula 
assumes an interpupillary distance of 64 mm. 

B. Results —\. Comparison of Mean Variation and Standard Deviation Scores 
on the Howard-Dolman Test: From the data provided by 10 adjustments of the 
movable rod, the mean variation and the standard deviation of the settings were 
computed, Table 1 is a frequency table showing for 100 subjects the relationship 
between the two variability scores. Because of the close agreement, obvious to 
inspection, the simpler mean variation scores were used in later studies in which 
the Howard-Dolman scores were compared with those of other tests. 

2. Effect of False Size Clues of the Verhoeff Stereopter: In order to determine 
whether the false size clues of the Verhoeff Stereopter have any significant influence 
on the test scores, 68 subjects were tested with the standard Stereopter and with 


TasLe 1.—Kelationship Between Two Measures of Variability on the Howard-Dolman Test 


Standard Deviation, Mm 


Mean 


Varia 20.0 80.0 10.0 WOO 60.0- 70.0 9.0 
tion, Mm 29.9 39.9 99 


100 
or 
79.9 Wo Greater 
or 

wreater 


70.0-79.9 
0490.9 
20.0-39.9 
20.0-20.9 
10.0-19.9 


a modified instrument in which rods 2 mm. in width were substituted for the 3, 2.5, 
and 2 mm. rods of the standard device. Three separate measures of the threshold 
distance were made, i. e., with (1) equal, (2) unequal, and (3) equal rods, or with 
(1) unequal, (2) equal, and (3) unequal rods. The first test was considered as 
a practice series, and comparisons were based solely on the results of the second 
and third tests. In each group of determinations the subject knew whether the rods 
would be equal or unequal in width. The order of testing was alternated so that 
one-half of the group started with rods of equal width, the other half with rods 
of unequal width. 

‘Table 2 shows the relationship between the thresholds determined with and those 
determined without false size clues. The Pearson product-moment correlation 
between the two sets of scores is 0.90. It is apparent to inspection that the thresholds 
tend to be slightly greater with unequal than with equal rods. The magnitude of 
the increase in threshold associated with the false size clue is better shown in 
lable 3, which gives for 61 subjects the distribution of the difference in the thresh- 
olds. The data for seven subjects whose thresholds were greater than 90 seconds 


in one or both tests are not included. For these subjects the differences might be 
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spuriously great because tests were not made at intermediate distances between 
50 cm. (132 seconds) and 60.3 cm. (90 seconds). For 48 of the 61 subjects the 
thresholds determined by the two methods agreed within + 10 seconds. For the 
other 13 the thresholds were from 15 to 45 seconds greater when false size clues were 
present. 

There are several possible interpretations of these findings. .\ccording to 
Verhoetf,”* the small group of subjects who are influenced by the false size clues 
should be considered as having inferior depth perception, because only disparity 


Tas_e 2.—Relationship Between Scores on Standard and on Modified Stereopter 


Modified Standard, Sec 


35 40 


TaBLe 3.—Distribution of Differences in Scores on Standard and on Modified Stereopter 


Score on Modified Test Minus Score No. of 
on Standard ‘lest, Sec. Subjects 


Total, 


clues can be relied upon always to give the correct information, ‘here is, on the 
other hand, evidence suggesting that auxiliary monocular clues normally supplement 
and increase the efficiency of binocular depth perception (Holway ''; Vernon **), 
and that sensitivity to monocular, as well as to binocular, clues is therefore a 
desirable condition. From this point of view, tests in which monocular and binocular 
clues are in Opposition may give misleading information. In this connection, it 


should be pointed out that the data of Table 2 show that on the Stereopter a 


significant increase in the threshold with opposing size clues is not limited to subjects 
with relatively poor depth perception. This suggests that the relative importance 
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of uniocular and binocular clues may be an individual trait, not necessarily related 
to the efficiency of binocular depth perception. On theoretical grounds, therefore, 
it is possible that the elimination of the opposing size clues in the Verhoeff test 
might give a more valid test of binocular depth perception. In view of the high cor- 
relation of the test scores obtained with and without the false size clue, however, it 
is probable that its presence or absence will not appreciably influence the agreement 
between the Stereopter and other tests of depth perception. 

3. Comparison of Three Tests of Depth Perception: This section presents data 
for subjects given two or more different tests of depth perception in order to investi- 
gate the extent of the agreement in the results of different tests. The subjects used 
for the various comparisons were in many instances the same persons. 

All had visual acuities of at least 20/40 in each eye. It is well recognized that 
acuity is a limiting factor in any form of depth test based on horizontal retinal 
disparities. lor maximal correlation between acuity and depth scores, vernier 


acuity for the discrimination of vertical contours should be measured. Acuities 


Taste 4.—Relationship Between Scores on Howard-Dolman Test and on Modified Steretopter 


Howard-Dolman, Mean Variation, Mm 


Verhoeff, loor Sl or 
Parallactic Angle, Sec Less 11-15 16-20 21-25 26-30 631-35 «41-45 16-50 Greater 
15 or less 3 1 1 1 


6 
20-25 5 2 2 
80-35 oe 5 0 1 1 7 
0-45 q 7 


W-55 
70-75 
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or greater 


measured with the conventional letter targets would not be expected to correlate 
as well with depth perception, because blurring of the retinal image in any meridian 
impairs acuity for such targets, whereas blurring only of vertical contours impairs 
depth perception. Subjects whose acuity for letter targets is less than 20/40 will, 
however, usually have poor depth perception. Practical considerations suggest 
therefore that, in the selection of subjects for tasks requiring good depth perception, 
those with a visual acuity less than 20/40 in either eye can be automatically excluded 
without further testing. 

(a) Howard-Dolman test and modified Stereopter test. Table 4 shows, for 37 
subjects, the relationship between the mean variation (MV) scores, in millimeters, 
on the Howard-Dolman test and the threshold parallactic angles, in seconds, 
measured on a modified Stereopter in which the three rods were equal in width 
It may be seen from the Table that 27 of the 28 subjects with MV scores of 30 mm 
or less on the Howard-Dolman test had scores of 45 seconds or better on the 
Stereopter. Of the nine subjects with MV scores greater than 30 mm. on the 
former test, seven had thresholds greater than 45 seconds on the latter. The one 
subject who made a score of 25 mm. on the Howard-Dolman test but was unable 
to distinguish differences in depth on the Stereopter at 50 cm. (132 seconds) made 
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a zero score on the Vision Tester and on the preliminary fusion test showed evidence 
of intermittent suppression of the retinal image of one eye. This intermittent loss of 
binocular vision could account for the poor scores on the Stereopter and the Vision 
Tester, since at each level of difficulty correct responses must be given to seven of 
eight items on the former test and to all three items of the latter. In the Howard- 
Dolman test, on the other hand, short intervals in which binocular vision was lost 
would not necessarily result in a significant increase in the mean variation score 
computed from 10 independent settings. One of the two subjects with a very poor 
score on the Howard-Dolman test and a good score on the Stereopter had an uncor- 
rected myopia of 0.25 D. in the right eye and 0.50 D. in the left eye. His acuity at 
6 meters was 20/20, right, and 20/25, left. The uncorrected myopia may account 
for this subject’s poorer score on the Howard-Dolman test than on the Stereopter. 
In the second case there was no obvious explanation for the relatively poorer 
performance on the Howard-Dolman test. 


Tasie 5.—Relationship Between Depth Scores on Howard-Dolman Test and on 
Standard Stereopter 


Howard-Dolman, Mean Variation, Mm. 


— 


Verhoef, 

Parallactic Angle, Sec 5-10 11-15 16-20 21-25 31-35 36-40 4145 46-50 Greater 
20-25... 6 3 1 1 
20-35... 3 3 
40-45.. 2 2 
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With these three exceptions, critical scores of 30 mm. on the Howard-Dolman 
test and 45 seconds on the modified Stereopter test agree in their classification of 
subjects on a pass-fail basis. The data suggest, however, that within the group 
showing good depth perception there is no close agreement in relative ranking on 
the two tests. This is not surprising, since others ** have found that the conventional 
Howard-Dolman test, while adequate to distinguish between “normal” and “sub- 
normal” depth perception, does not differentiate within the “normal” group. 

In order to compare the absolute values of the thresholds in angular units, the 
millimeter scores of the Howard-Dolman test may be converted to seconds of 
parallactic angle by the formula A =— $/2.7. (The constant 2.7 in this formula 
assumes an interpupillary distance of 64 mm.). When this conversion is made, it 
it apparent that much smaller values of parallactic angle can be discriminated on 
the Howard-Dolman test than on the Stereopter. A score of 30 mm. on the former, 
for example, corresponds to an angular disparity of 11 seconds, whereas the equiva 
lent passing score on the Stereopter is about 45 seconds. This difference in the 
minimum perceptible angular disparities, as measured by the two tests, is probably 
accounted for primarily by the distance factor previously discussed. If, in accord 
ance with Holway’s findings, we assume that S, the linear threshold, is proportional 
to D'* rather than to D*, then a variation of § from 10 to 30 mm. when D is kept 
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constant at 6 meters (Howard-Dolman test) should correspond to a variation in 1) 
from 204 to 98 cm. when S is kept constant at 2.5 mm. (Stereopter). This predic- 
tion of the equivalent ranges of score on the two tests is not very different from 
that actually observed in the 27 subjects with good depth perception on both tests 

(b) Howard-Dolman test and standard Stereopter test. Table 5 shows for 33 
subjects the relationship between the Howard-Dolman scores and the scores 
measured on the standard Stereopter, in which the three rods differ in diameter. 
Here, too, a passing score of 45 seconds (86 cm.) on the Stereopter gives the best 
agreement, with a passing MV score of 30 mm. on the Howard-Dolman test. By 
these criteria, 24 subjects pass both tests, 5 fail both, and 4 pass the Howard-Dolman 
test but fail the Stereopter test. One of the last group is the subject with inter 
mittent suppression discussed in the previous section. The failure of the other three 
is perhaps explained by an especial sensitivity to the false size clues of the standard 
Stereopter, since when tested with rods of equal diameter they made passing scores 
of 40 to 45 seconds. The data of Table 5 are similar to those of Table 4 in showing 


Paste 6.—Kelationship Between Scores on Howard-Dolman Test and on Vision Tester 


Depth Test of Vision Tester 


Howard-Dolman, Mean Variation, Mm 


Instru 
ment Parallactic ol or 
Score Angle, See 31-35 41-45 Greater 


40-41 


A score of 0 indicates that test item B was failed in two successive trials 


that, although there is close agreement in the dichotomous classification of good 
and poor depth perception, the agreement in scores on the two tests does not extend 
to differences within each group. 

(c) Howard-Dolman test and Vision Tester. Table 6 shows for 43 subjects the 
relationship between the MV scores on the Howard-Dolman test and the arbitrary 
letter scores of the Vision Tester. The range of parallactic angles corresponding 
to each letter score are also shown in the Table.t ‘Twenty-four of the 43 subjects 
had MV scores of 25 mm. or less associated with Vision Tester scores of D or 
better; 10 had MV scores of 31 or greater associated with scores of B or poorer 
On a two-category pass-fail basis, therefore, the tests agree in 34 of the 43 cases. 
The poor Howard-Dolman score of one subject, making the maximum score of F 
on the Vision Tester, can probably be attributed to lack of effort, since on a retest 
two months later he was able to make a correspondingly good score of 11 mm. on 
the Howard-Dolman test. Eight subjects with scores of 30 mm. or better on the 
Howard-Dolman test were unable to perceive any depth difference in the easiest 
items of the Vision Tester, after the standard preliminary practice. Four of these, 
with MV scores ranging from 11 to 18 on the Howard-Dolman test, were given 

t Because of difficulties in reproduction, the angular disparities of the three items in each 
test group vary slightly. 
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further practice on the Vision Tester and on other stereoscopic devices. One showed 
no improvement; the other three made the maximum score of F. Studies of a 
much larger group are needed to determine what proportion of subjects have especial 
difficulty in perceiving differences in depth under the artificial conditions present in 
the Vision Tester. It is also important to find out whether such subjects can 
eventually learn to operate stereoscopic devices, such as range finders, or whether 
they will continue to show inferior ability. 


(d) Factors responsible for consistently poor depth perception on all tests. The 
subjects whose depth scores are shown in ‘Tables 4, 5, and 6 include a total of 11 
with poor depth perception on every test that was given. Additional information 
pertaining to these subjects suggests possible factors responsible for their subnormal 
binocular vision. ‘wo showed an intermittent and two a constant suppression of 
the retinal image of one eye on the preliminary fusion test. In two other subjects 
a lateral tropia was revealed by this test.§ The other five subjects showed no 
evidence of either suppression or tropia on the fusion test. Two were later examined 
in the Orthoptic Clinic of the Wilmer Institute and found to have intermittent 
tropias at distance. ‘wo others, who wore glasses during the depth tests, had high 
anisometropic errors of refraction. One of these was tested on the space eikonometer 
and was found to have an aniseikonic error requiring a correction of 3% axis 180, 
right eye, and 1% axis 90, left eve. The only explanation found for the poor depth 
perception of the fifth subject was that the patient was tested while wearing newly 
acquired glasses. He made a score of 50 em. (132 seconds) on the Stereopter 
and an MV score of 49 mm. on the Howard-Dolman test. No measurements were 
made with the Vision Tester. On retests after the glasses had been worn for three 
weeks the Stereopter threshold was 91 em. (40 seconds) and the MV score 
was 16 mm. 


In these 11] subjects, consistently poor depth perception appears to have been 
associated primarily with obstacles to binocular fusion. Seven of the 11 had visual 
acuities of 20/20 or better in each eye. In four cases the visual acuities of 20/30 
to 20/40 in the poorer eye may have contributed to the poor depth perception. 
Since phoria tests were not routinely given to this group, the possible effects of 
heterophoria on their depth perception cannot be evaluated. An additional group, 
of 109 subjects, was therefore examined on the Vision Tester in order to obtain 
further information as to the effects of heterophoria and of subnormal acuity on 
binocular depth perception. 


4. Relationship of Acuity and Phoria Scores to Depth Scores on Vision Tester : 
The 109 subjects were medical students, instructors, secretaries, technicians, clerks, 
and a few domestic employees of The Johns Hopkins Hospital who volunteered to 
take the visual tests while awaiting examination in the Personnel Health Clinic 
of this institution. Appropriate distance tests on the Armed Forces Vision Tester 
were given for acuity of each eye, vertical and lateral phorias, fusion, and depth per- 
ception. About half the subjects scoring less than I* on the depth tests were given one 
or more additional trials, either in the same session or a later date, to see whether 


their scores improved. Table 7 shows the test and retest scores of the 29 subjects 


§ Under the standard conditions recommended for administration of the Vision Tester, failure 
on the depth test can be assumed, and the test therefore omitted, when an obvious deficiency in 
binocular vision is revealed by the preliminary fusion test. 
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given additional trials. 


It is apparent that there is a considerable learning factor, 
since 17 of the 29 made higher scores on repetition of the test. The findings suggest 
that, even though preliminary practice items are provided, poor scores may, never- 
theless, result from lack of familiarity with devices in which the uniocular distance 
clues are not in accord with the binocular disparity clues. 

The relationship between the acuity of the poorer eye and the depth score is 
shown in Tables 8 and 9. Although there was no selection on the basis of visual 
acuity, only two subjects had acuities less than 20/40. The data indicate that poor 


Tas_e 7.—Relationship of Test and Retest Depth Scores on Vision Test 


First Test 


Retest 


Tasie 8.—RKelationship Between Acuity of Poorer Eye and lirst Score on Depth Test 


~ 


> 20/20 20/20 20/25 20/30 20/40 20/50 20/70 
19 10 


* Failure on depth test assumed because of failure on ‘arrow test.” 


Taste 9.—Kelationship Between Acuity and Depth Scores on Vision Tester 


Test Retest (When Given) 
Dor Cor ; Dor Cor 
Better Poorer Better Poorer 
20/20 or better. . 47 18 5S 10 65 
20/25 or poorer... 20 24 22 22 44 


67 32 


depth scores occur more frequently in those with acuities less than 20/20 in one or 
both eyes. Table 9 shows that when the depth scores are based on a single test 
about 72% of subjects with good acuity have scores of D or better, as contrasted 
with 46% of those with less than 20/20 in one or both eyes. In the second part of 
Table 9 the subjects are classified in accordance with the retest depth scores when 
more than one test was given. In this case the percentages making scores of D 
or better are 85 in the group with acuities of 20/20 or better and 50 in the group 
with acuities of less than 20/20 in one or both eyes. 

The finding that relatively good depth scores are made by many with acuities 
ranging from 20/25 to 20/40 is not unexpected, since the effect of blurred imagery 
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TESTS OF BINOCULAR DEPTH PERCEPTION 


on binocular depth perception varies with the type of uncorrected reiractive error 
Blurring of the retinal image limited to the vertical meridian (astigmatism at axis 
180) reduces acuity but has little effect on the perception of differences in depth 
based on horizontal retinal disparities. In the small percentage of subjects having 
relatively poor depth scores associated with acuities of 20/20 or better, factors 
interfering with binocular fusion could be responsible for the low depth scores. 
In this group of 109 subjects, the fusion test revealed only 1 case of tropia and 
none of monocular suppression. Of the seven subjects with measurable amount 
of hyperphoria, three had 1 to 2 A of hyperphoria associated with depth scores of 
1) or better and four had hyperphorias of 1 A and depth scores of C or poorer 


rasLe 10.—Kelation of Lateral Phoria Scores to Depth Scores on Vision Tester 


First Test Retest (When Given) 
Dor Cor Dor Cor 
Better Poorer Better Poorer 


Low phoria (4 exo to 5 e80)......... sa 66 33 76 23 Ww 
High phoria (more than 4 exo or 5 es0)...... 9+ 10 


77 32 109 


* Esophoria of 11 A. or more 
+ Eight of these had esophoria scores of 6 to 8 A. One, having an exophoria seore of 7 A, was shown 
by the fusion test to have an exotropia 


Tape 11.—Distribution of Depth Scores (Vision Tester) of Subjects Meeting Certain 
Standards of Acuity, Fusion, and Phoria 


Distribution of 
Cases According to 


Depth Score First Test Retest * 
3 


Total 


* All subjects with scores of C or poorer were retested. 


Che incidence of hyperphoria is therefore too low for one to determine its possible 
effect on depth perception, 


Lateral phorias of significant amount were also rare in this group, since 99 of 
the 109 subjects had scores ranging from 4 A of exophoria to 5 A of esophoria at 
distance. In Table 10, showing the relationship of lateral phoria and depth scores, 

, it may be seen that 8 of the 10 subjects with significant lateral phorias had esophoria 
scores of 6 to 8 A and depth scores of C or poorer. ‘The one subject having an 
esophoria greater than 11 A, on the other hand, made a depth of score of D. Since 
seven of the nine with high phoria scores associated with poor depth scores also had 
acuities less than 20/20 in one or both eyes, it is possible that their poor depth 
perception was directly related to low acuity rather than to esophoria. 

Our data suggest that when the visual requirements for specific tasks necessitate 
not only good depth perception but also high acuity and low phoria, many of those 
with consistently poor depth perception will automatically be disqualified by the 
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last two tests. Let us suppose, for example, that the qualifying visual standards 
for a given job category require (a) visual acuities of 20/20 or better in each eye, 
(hb) absence of tropia or suppression, (c) vertical phorias at distance less than 


1 A, (d) lateral phorias at distance less than 4 4 exophoria or 5 A 


esophoria. 
Sixty of the 109 subjects in our study met the above criteria. If we accept the view 
that a poor depth score is not significant unless confirmed on repetition of the test, 
four of those who made depth scores of C or poorer should be omitted because no 
retests were given. The remaining 56 subjects were all given a retest unless a 
score of D or better was made on the first test. Table 11 shows for these subjects 
the distribution of scores based on the first test, for comparison with those based on 
the retest when one was given. On the first test, 11 made scores of C or poorer ; 
on the retest, only 3. If, therefore, no depth tests were given, the 56 subjects 
meeting the other visual criteria would include 3, or about 5%, whose depth per 
ception was definitely subnormal. If, on the other hand, only one depth test was 
given and a score of D or better was required, these three subjects with poor depth 
perception would be disqualified. as well as eight others who on the basis of the retest 
scores may actually have good depth perception. Whether or not it is advisable 
to include a test of depth perception when high standards of acuity, fusion, and 
muscle balance must also be met depends upon the relative importance of eliminating 
unsuitable subjects and of not disqualifying suitable ones. In order to have high 
efficiency in both aspects of selection, poor scores on the depth test of the Vision 
‘Tester should be confirmed either by repeating this test or by giving some other 
form of depth test 


SUMMARY AND CONCLUSIONS 

The results of a previous study by Holway and associates indicate that uni 
ocular clues to differences in distance may contribute to binocular depth perception, 
even though the sensitivity to the uniocular cues, acting alone, is much poorer than 
the sensitivity to the binocular clue of retinal disparity. The data suggest, moreover, 
that the contribution of the uniocular cues is significantly greater for some subjects 
than for others. 

The findings of Holway’s study may explain in part the lack of agreement in 
scores on different tests of binocular depth perception. In the Howard-Dolman test 
the uniocular depth clues based on vergence of the light rays and on subtense are 
in accord with the binocular disparity clue. In stereoscopic tests, on the other hand, 
there is no difference in vergence associated with the depth difference simulated by 
binocular disparity. If the test targets are of the same size, there is likewise no 
difference in visual angle associated with the difference in depth. In the Verhoeff 
Stereopter a conflict between the clues from visual angle and the clues from retinal 
«lisparity is deliberately introduced by making the more distant targets of greater 
width than the nearer ones. 

The experimental findings of the present study support the view that uniocular 
clues may play a significant role in tests of binocular depth perception. Some 
subjects, for example, had significantly higher thresholds on the standard Stereopter 
than on a modified test in which there were no misleading uniocular size clues, and 


some with good scores on the Howard-Dolman test made poor scores on a stereo 


scopic test in which size and disparity clues were not in accord 
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The tests investigated in this study agreed in from 79 to 92% of the cases 
in their classification of subjects as having either good or poor depth perception. 
Factors responsible for the discrepant findings and their relative frequency were 
as follows: 

(a) Underestimation of ability to perceive depth. A false finding of poor depth 
perception was given frequently by the Vision Tester, and occasionally by the 
standard Stereopter, presumably because of a conflict between size and disparity 
clues. On the Howard-Dolman test, lack of skill or effort in making the necessary 
motor adjustments resulted in one instance in a false classification of poor depth 
perception, 

(b) Overestimation of ability to perceive depth. Because of the short testing 
distance, both the stereopter tests gave false indications of good depth perception 
in the case of one subject with uncorrected myopia. In one case, poor depth 
perception caused by intermittent loss of binocular vision was not detected by the 
Howard-Dolman test. 

The factors responsible for consistently poor depth perception on all tests 


were low visual acuity, suppression, tropia, and possibly heterophoria. 
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THE 


INITIAL INSIGHT 


? THE INITIAL insight from which this study proceeds arises from the case of 
LL. S., a 38-year-old man whose left eye was accidentally penetrated by a carpet 
tack, with subsequent formation of a traumatic cataract. His injured eye was treated 
from the day of injury with 2 drops of 2.5% cortisone every two hours, and cortisone 
ointment 1.5% at bedtime, along with the usual adjuncts: atropine drops 1% twice 
a day, phenylephrine (Neo-Synephrine) drops three times a day, and sodium sulf 
acetamide ointment 10% at bedtime. For the first six days he received, in addition, 
sodium sulfacetamide drops locally and 300,000 units of procaine penicillin G daily. 
During the first 25 days of conservative treatment the eye became quiet, in spite of 
the presence of a considerable number of particles of lens matter in the anterior 
chamber, and the tension of the eye remained within normal limits. However, on the 
25th night the patient complained of pain in the affected eye, and on the following day 
the tension in his left eye was found to be elevated to approximately 70 mm. of 
mercury. An emergency cataract extraction of the left eye was deemed advisable 
and was done on the same day, with success. Final corrected vision was 20/20. 
The second patient, S. L. B., with a nuclear cataract complicated by posterior 
synechia due to an old iritis, had a cataract extraction. A moderate amount of cortex 
was left in the anterior chamber. A 0.5% cortisone solution was used topically every 
two to three hours, as well as scopolamine and sodium sulfacetamide drops. After 
two months there was complete absorption of the cortex and the posterior capsule 
was transparent, with 20/20 corrected vision resulting. 
The third patient, M. L.., had an extracapsular cataract extraction and was treated 
' with 0.5% cortisone, starting on the fifth postoperative day. Subsequently, the 
cortical material left in the anterior chamber was completely absorbed, with 20/15 
partial corrected vision resulting. The patient was seen again 10 months later, with 


iridocyclitis secondary probably to an infected tooth; this condition partially cleared 
after extraction of the tooth and treatment with 2.5% cortisone suspension. How- 
ever, a secondary membrane formed after this inflammation. 


This study was made possible by a grant from the Yale Medical Fluid Research Fund 
From the Section of Ophthalmology, Department of Surgery, Yale University School of 
Medicine. 
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These cases suggested the following problems for solution: What is the effect of 
cortisone on the reaction of the eye and on the absorption of lens material after dis- 
cission or extracapsular extraction ? 


GENERAL BACKGROUND 


In patients below the age of 35 years, the lens matter, including the nucleus, will 
be absorbed by the action of aqueous humor once a gap is made in the anterior lens 
capsule. Therapeutic use of this fact is made in congenital cataract, in which a dis- 
cission is employed. 

If an adjunctive agent, such as cortisone, were found to hasten absorption of 
remaining lens material and to subdue phacoanaphylactic irritation of the uveal 
tract, the extracapsular form of extraction would be at an optimum. The physiolog- 


ical mechanisms of cortisone in quieting inflammatory processes may be briefly con- 


sidered. It is felt that the permeability of capillaries to proteins and cells in areas of 
inflammation is reduced. In allergy, cortisone acts not by blocking histamine at the 
receptor site but, rather, by the physiological compensation of reduced capillary 
permeability, with resultant inhibition of the symptoms and effects of allergy. The 
absorption of lens cortex does not depend directly on capillary permeability, but is the 
result of lysis of the cortex, in part by autolysis and in part by invasion of wandering 
cells. Cortisone greatly diminishes macrophage activity, and this factor may result 
in diminished absorption. 


REVIEW OF THE LITERATUR] 

A survey of secondary works lying close to the field of this problem reveals the 
following points: Scheie and associates ' reported two cases of persistent iridocyclitis 
due to retained lens material after attempted intracapsular cataract extraction. One 
patient presented large numbers of keratic precipitates. Both eyes were treated with 
cortisone applied topically, and both became white and quiet within four to seven 
days. Thorpe * reported the management of two cases of traumatic cataract with 
complicating phacoanaphylactic endophthalmitis. One patient, a man aged 40, had 
many keratic precipitates and considerable pericorneal injection, with lens matter in 
the anterior chamber. Ocular inflammation subsided considerably after 24 hours of 
parenteral corticotropin therapy. The other patient, a girl aged 16, had a moderate 
number of keratic precipitates and moderate pericorneal injection, with lens matter 
in the anterior chamber. Redness subsided in four days with topical use of cortisone 
drops, 0.5%, every hour while she was awake, and linear extraction was per- 
formed on the seventh day, with uneventful recovery. Similarly, Purnell and Leo- 
pold ® reported that in three out of four cases of phacoanaphylactic uveitis the eye 
responded to local use of cortisone, Duke-Elder * added his observations on 34 cases 
of postoperative and post-traumatic uveitis treated locally with cortisone and cited 
an additional 37 cases in the literature, along with 22 cases available in the literature 
treated systemically. He summarized these cases : 

On the whole, the results, although variable, are good in this type of case. About 25 per cent 
of cases have shown little or no response, but most demonstrate an initial improvement. This 
applies equally when the inflammation is a simple post-traumatic reaction and when it appears 


to be due to the presence of lens substance in the eye after an extracapsular extraction of cataract 
or to a phako-anaphylactic reaction. 
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CORTISONE AND LENS 


McLean and Gordon ° treated immature senile cataracts in one woman for 11 
days with a total of 1,250 mg. of corticotropin. There was no detectable change in the 
eyes. In addition, they observed no change in the various cataracts of 51 patients 


MATTER ABSORPTION 


being treated with corticotropin or cortisone systemically for other conditions. 
There appear to be three local complications in the use of cortisone in cataract 
surgery: (1) precipitation of glaucoma, (2) delay in wound healing, and (3) delay 
in absorption of postoperative hyphema. 
McLean and Gordon ° reported : 
Secondary glaucoma was precipitated in 4 out of 20 cases of uveitis and in 3 out of 13 cases of 
iridocyclitis while under systemic treatment. Five of these cases were treated with ACTH, 2 
with cortisone. 


Ashton and Cook °® stidied the effect of subconjunctival administration of corti- 
sone upon the healing of through-and-through corneal wounds in rabbits : ‘“Cortisone 
was found to inhibit the formation of the fibrinous coagulum, cellular infiltration, 
fibroblastic repair, and endothelial regeneration.” 

Benedict and Hollenhorst * reported an experimental procedure whereby eight 
rabbits received an injection of 0.2 cc. of their own blood into their respective right 
anterior chambers. Four of the rabbits were given 6 mg. of cortisone per day sub- 
conjunctivally. The other four were left as controls. In each case it became evident 
that “the rate of absorption of blood in the cortisone-treated animals was delayed as 
compared to the rate of absorption in the untreated animals.” 


OUTLINE OF EXPERIMENT 


Thirty-one white rabbits were divided into four groups. 


Group I (8 rabbits) were treated with cortisone by parenteral injection—20 mg. a day 
beginning 5 days after uniocular lens discission and continuing 14 subsequent days. 

Group II (5 rabbits) were left untreated as controls following lens discission. 

Group III (8 rabbits) were treated with cortisone by parenteral injection—20 mg. a day 
beginning within an hour after extracapsular lens extraction and continuing until the natural 
death of the animals. 

Group IV (10 rabbits) were left untreated as controls following extracapsular lens extraction 

Ali rabbits were treated concurrently with atropine ointment 1% and sulfacetamide oint 
ment 10% once a day as topical adjuncts. 

The eyes were examined clinically every day postoperatively, and serial records were made at 
approximately one-week intervals. Readings of ocular reaction and degree of lens absorption were 
recorded on a 0 to 3+ numerical scale. The degree of ectasia in the eyes of the rabbits with extra- 
capsular extractions was recorded on a 0 to 44 numerical scale. (The term ectasia as used in 
this experiment denotes bulging of the cornea and/or bleb formation between sutures.) 

Operative Technique—Atropine drops 2% were used preoperatively for mydriasis. On 13 
rabbits (Groups I and II) uniocular lens discissions were done in conventional manner, the lens 
substance being well broken up before withdrawing the needle. In each case, the anterior 
chamber retained its depth after the needle had been removed. 

On 18 rabbits (Groups III and IV) uniocular extracapsular lens extractions were done 
q The posterior lens capsule and part of the anterior capsule remained, along with a slight amount 

of soft lens cortex. In four animals (two controls and two treated) only one-quarter of the lens 
matter was removed. This procedure was decided upon in order to produce a minor series of 
animals with a large amount of lens matter remaining after operation. In all cases iridectomy 
was performed and corneal-corneal sutures were used in closing the wound 

Diet.—The rabbits were fed Purina rabbit chow, a commercial preparation in the form of 
dehydrated compressed pellets. Fresh water was supplied daily. Added potassium was not 
supplied, and no attempt at salt restriction was made. 
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RESULTS 


Groups | and II (Lens Discissions).—Sixty per cent of the control eyes 
showed marked lens absorption by the 19th postoperative day. None of the treated 
eyes showed pronounced absorption in the same period, although 25% showed 
moderate absorption. There was no significant difference in the inflammatory 
reaction between the two groups, since most of the eyes were quiet by the fifth 
postoperative day and remained so throughout the experiment. 

Groups Ill and IV (Extracapsular Extractions).—-A. There was heavy mor- 
tality in the rabbits of Group III after the 16th day of systemic cortisone treatment. 
The animals gradually lost their muscle mass; their fur became dull and thin, and 
they developed profound muscle weakness. The lower extremities, especially, seemed 
to be paralyzed toward the end of the period. Autopsy of two animals revealed no 
further gross pathology ; this finding suggested that the cause of death was a meta- 
bolic derangement. The median value for survival time was 22 days. The mean sur- 
vival time was 24 days, with a standard deviation of 7 days. The dose of cortisone 
used far exceeded the usual therapeutic level, but this high dosage was felt proper for 
the experiment. 

B. The cortisone-treated animals showed slightly less reaction initially, but by 
the 14th day the two groups were similar. A secondary bacterial panophthalmitis 
developed in one cortisone-treated animal. ‘The maximum reactions otherwise 
developed in those four eyes with only one-quarter of the lens matter removed. 
The eyes in which most of the lens matter had been taken out were relatively quiet 
in both treated and control groups. 

C. In 75% of the cortisone-treated animals a significant degree of postoperative 
ectasia developed, Some of these had haziness of the cornea, separation of the 
wound edge, and bleb formation between sutures. None of the control animals 
had a significant amount of postoperative ectasia. 

D. There was no significant difference between treated and control groups in 
autolysis of remaining lens material after extracapsular extraction under conditions 
of this experiment with the number of animals used. An incidental finding was 
that two of the cortisone-treated animals had small postoperative hemorrhages into 
the anterior chamber of the eye which failed to resolve. None of the controls had 
noticeable hyphema. 


SUMMARY 


AND CONCLUSIONS 


Systemic cortisone therapy does not increase the rate of absorption of lens mate- 
rial after lens discission or extracapsular extraction in rabbit eyes. There is some 
indication that cortisone therapy tends to block absorption of lens material from the 
anterior chamber. 


From these experiments it is felt that the time-honored principle in good cataract 
surgery of removing a maximum amount of lens material during operation is more 
important than the effect of cortisone in prevention of postoperative inflammatory 
reactions. 

Ocular complications of the use of cortisone after lens discission and extracap- 
sular extraction include precipitation of glaucoma, delay in wound healing, delay 
in absorption of hyphema, and a decreased resistance to secondary infections. 
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ADDENDUM 


A further pilot experiment using hydrocortisone in a small number of white 
rabbits has yielded the following inferences : 


1. Hydrocortisone acetate has no noticeable effect in hastening recovery from 


reactions of the eye pursuant to extracapsular lens extraction. 
2. Retrobulbar injections of hydrocortisone are to be avoided because of possible 
hemorrhage. 


Mr. Arman Negri gave assistance in our work. 
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PERIMETER WITH CONTROLLED ILLUMINATION 
AND RECORDING MECHANISM 


MORGAN 8B. RAIFORD, M.D., D.Sc. (Med.) 
ATLANTA, GA. 


A. GENERAL 


CONSIDERATIONS 
g tes CREATE a perimeter in which precise visual fields may be obtained, all 

extraneous apparatus should be excluded from the patient. Only the point of 
fixation and the isopter should be within the range of vision. These points of fixation 
should be easily checked by the examiner while taking the field of vision, without his 
disturbing the patient. 

In order to detect the early pathological changes induced by glaucoma, retinal 
disease, and abnormal factors affecting the intracranial portion of the visual path- 
way, even lighting upon the test object or target is necessary. Illumination of the 
perimeter must be equal in all meridians and should be controlled by the examiner 
so that any desired volume, in foot-candles, can be attained. The moving of the 
test object or target should be silent and have no distracting mechanisms. The 
examiner should be able to change the meridional position of the various isopters 
quickly and accurately. 

The perimeter should be of sturdy construction, with ease of maintenance. No 


high lights should exist to disturb the patient at any point of position on the field of 
vision, 


B. DESCRIPTION OF THE PERIMETER 


The construction of this automatic type of perimeter is designed to insure the 
accurate measurements of the visual field. 

1. Dome.—(a) Exterior Design: The perimeter dome (4) is constructed of 
black plastic, the interior of which has a dull, nongloss finish. The inside radius is 
50 cm. The two flanges (B) are made to keep the rollers (C) in their alignment. 
The superior roller (C7) has a spring type of detent arrestor (/)), which stops rota- 
tion of the dome at 30-degree intervals, and these inserts are painted white, with 
small decals showing their position, in degrees, to correspond with those of the 
recording paper. The two lower rollers (C) are supports of the plastic dome. The 
lower right roller is rotated with a small wheel (G) by the examiner to vary the 
positions of the test object. The recording mechanism is covered by a housing (E£), 


From the Department of Ophthalmology of the Ponce de Leon Eye, Ear, Nose and Throat 
Infirmary and the Georgia Institute of Technology, Department of Research Engineering. 
Part IT of thesis submitted to the Faculty of the Graduate School of Medicine of the Uni- 
versity of Pennsylvania, toward the requirement for the degree of Doctor of Science (D. Se. 
[Med.]) for graduate work in ophthalmology. 
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attached to the apex of the dome, which is described under ‘Recording Mechanism.” 

(b) Interior Design: The interior of the dome has a recording tape arm set ina 
track which can be moved 90 degrees from the periphery to the center fixation. 
Upon the tip, or end, of the metal tape is a magnet (() to hold the varied sizes and 
colors of the isopters desired by the examiner, The point of fixation is in the apex 


of the dome, and a small white ring surrounds the center opening (.\/) so as to 


Fig. 1 ‘ a res for rolle superior roller; 
D, detent arrest ousing tor 1 tat tripod base; 
O, chin rest ba /, drivin rechanist ind crand S, rking indicator; K, 
platen for holding chart 


insure contrast for accurate patient fixation. The tube traversing the recording hous- 


ing is to allow the examiner observation of the patient's eye position while taking 
the field of vision. 


2. Perimeter Base.— Vhe perimeter dome rests on a tripod, chrome-plated tube 


base (/'). The rotation wheel (G) on the lower right (from the examiner's posi- 


tion) is turned in a clockwise movement, which eliminates any hysteresis of the 
dome movements. To the base portion there is attached the head rest (//), which 
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can be moved back and forth on a 70 mm. track to bring the right or left eye in 
alignment for the point of fixation (M). Elevation of the chin rest (O) can be 
adjusted to the facial variables of the patients to give the proper vertical point of 
center (M) at the dome. 

3. /Ilumination.—The lighting source is from two small reflectors (NV), each 
holding one 10-watt electric light. These two lamp reflectors are attached to the 
head rest (QO). The light intensity on the test object is controlled by a rheostat 
(P), which ranges from 0.1 to 15 ft.-c. of illumination. This may be adjusted to 


Fig. 2.—Raiford perimeter, front view. M, center fixation point; QO, magnet holding object: 


N, reflectors; O, chin rest; P, rheostat; H, head rest base; F, tripod base; A, dome 


an amount so desired by the examiner. The power for the light is through an 
extension cord to any 110-volt source. 


4. Recording Mechanism.—(a) Housing: The housing (/) covers the gears 


of the recording mechanism. A hand crank (/) moves the target-gear-driving 


mechanism (7°). This extends from a 20-tooth gear from the four-thread worm 
drive to the pinwheel opening on the perforated steel tape. The reel (’) takes 
up the tape, which has a small curve to eliminate any buckling. A magnet (Q) 
is attached to this recording tape on the interior of the plastic dome to hold the 
targets or test objects. The perforations of the tape not only connect the pinwheel 
but give it flexibility to travel smoothly within the internal housing track of the 
dome. 
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(b) Recording Device: From the hand crank (/) to the worm-gear drive (7) 
is connected the punch-point type of marking indicator. This moves in a 1: 30 
ratio through a slot, upon which is pressed the platen (A) holding the chart 
record for that field of vision. 

(c) Chart-Holder Platen: The record chart is placed in the platen (A) in 
an inverted position and held in alignment by two clamps. When the patient 
views the test object, the platen is brought downward and a dot-like hole is made 
by pressure against the recording point (S). The center hole is placed over the 
fixation viewing tube. 

(d) Electric Driving Mechanism: An electricity-driven motor in place of the 
hand crank (/) and dome rotator may be used with a reduction gear. Forward 
and reverse speeds, controlled by the examiner, are then used. (ne may be placed 
on the rotation wheel (G), which would give the perimeter full “push button” 
control. 


Chart 1.—Solid line indicates a normal vis- Chart 2.—A shows the right visual field 
ual field taken with the Raiford perimeter; the without illumination control (with perimeter 
dotted line, the same visual field taken with B); B, an increase of the arcuate scotoma re 
perimeter B. vealed with a 5 f-c. illumination; C, field with 

illumination with the new type perimeter re- 
duced to 2 f.-c. 


SUMMARY 

A. Clinical Evaluation of the Perimeter.—The visual fields in the normal and 
in several disease conditions were taken with the perimeter. 

1. Normal: In this series, 22 visual fields were taken from 11 patients. The 
illumination was set at 5 f.-c. on the perimeter. A 2 mm. white test object was 
used on both the perimeters. The visual fields were first taken on the Raiford 
perimeter, and, after one hour's interval, on a regular perimeter (Perimeter B), 
utilizing the same technique in obtaining the peripheral fields. In comparing the 


two fields taken, the new perimeter gave its greatest value in the superior and 
inferior temporal quadrants. Perimeter B showed the least field change at the 


nasal borders in the area 30 degrees above and below the horizontal meridian. 
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Comparison of the two visual fields (Chart 1) showed that the new perimeter 
had an over-all enlargement. In the cases tested for comparison, the following 
value averages were obtained: 


Meridian New 
Positions, Perimeter, Perimeter B, 
Degrees Degrees Degrees 
62.5 58.7 
BO... 57.2 55.6 
604 6.7 
61.2 58.2 


120.... 62.4 59.8 

72.0 68.5 
81.1 74.0 
210 74.2 65.2 
240 00.3 53.4 
48.3 
52.8 


52.5 
55.0 


55.5 

2. Glaucoma: The value and flexibility of this perimeter are manifested in 
the measurement of the fields of vision in cases of glaucoma. The opportunity to 
study the patient’s clinical progress is invaluable when controls of technique and 
illumination can be maintained. Early cases, otherwise not detected, can be 
readily brought to their true value by reducing the illumination. The intensity 
and regularity of the enlarged blind spot (scotoma) may be accurately measured. 
This factor allows the ophthalmologist to evaluate the therapeutic responses in 
any given case, and a more accurate control of the patient’s course can be assured. 
In Chart 2,4 the right visual field was taken with perimeter B, without any 
control of illumination. In B an illumination of 5 f.-c. was maintained, which 
showed an increase in the arcuate scotoma. When the illumination was reduced 
to 2 f.-c. (Chart 2, C), the scotoma was increased in size. 

3. Optic Nerve Pathology: The advantage of the perimeter is the ability of 
the examiner to control lighting of the desired foot-candle illumination. This is 
particularly valuable where there has been marked impairment in the papillomacular 
bundle fibers. Here, charting of the intensity of the scotomata can be accurately 
evaluated. Central fixation can be better maintained by the patient. External 
or peripheral distractions are shut off by the perimeter, and this is most important 
in cases of reduced visual acuity. The patient’s apprehension is eliminated, thus 
producing finer measurement of the entire field. 

Chart 3 shows a case of optic neuritis in which the field changes were not 
obtainable on a regular perimeter, owing to extraneous illumination, which caused 
patient confusion. In Chart 3 (O.D.) the comparison of the field with the new 
perimeter and that with perimeter B shows that a better evaluation of the peripheral 
field and scotoma was obtained. 

In a case of compression of the optic nerves from craniostenosis (Chart 4), 
the new perimeter gave a very accurate evaluation of the left and right visual 
fields because the illumination could be increased and controlled. The left field 
could not be measured with perimeter B. 

4. Macular Pathology: Disorders of the macula reduce the ability for central 
fixation, which varies according to the intensity of the disease. The patient’s central 
fixation can be maintained far more accurately by reducing every possible extrane- 
ous stimulus. With this perimeter all outside interferences are reduced to zero, and 
only the target and its invisible carrier move within the patient’s field of vision. 
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(Above, left).—Right visual field 
of optic neuritis taken with the 


Chart 3 
from a case 


new type of perimeter. 


Chart 4 (Above, right) —Compression of the 
left optic nerve from craniostenosis. The new 
type of perimeter gave a very accurate evalua 
tion. Illumination could be increased and con 
trolled. (Right) Visual field of the right eye 


Chart 5.—Central scotoma in eccentric posi- 
tion from a case of Junius type of disciform 
macular degeneration in the left eye. 


Chart 6.—Visual pathway pathology of vas- 
cular origin in the left eye. The smaller field 
(broken line) was taken with a regular perim- 
eter; the larger (solid line) was taken with 
the new type of perimeter. 
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Chart 5 shows a case of the Junius type of disciform macular degeneration 
taken with the Raiford perimeter. The regular type of perimeter did not reveal the 
scotoma accurately in its eccentric position, Here, again, the patient’s ability to 
concentrate upon a central point of fixation gave a truer picture of the visual field. 

5. Visual Pathway Pathology: The full details of the field are more readily 
measured by reducing extraneous objects that enter the peripheral field. By having 
an unbroken nonreflecting surface, the areas of hemianopsia or quadrantanopsia 
can be more readily mapped out. The patient follows the target with greater ease 
and is not confused by any other movement. This is particularly important when 
the central fixation or papillomacular bundle fibers are involved in these lesions. 
Chart 6 is of a peripheral field, showing the use of the Raiford perimeter and that 
of perimeter B. Here, the visual field is better because of an unbroken nonreflecting 
background. 

B. Mechanical [valuation of the Raiford Perimeter.—1\. The perimeter con- 
struction is of plastic, light-weight metal, and stainless steel. All moving parts are 
housed in a dust-proof cover. The dome may be constructed of spun aluminum 
instead of plastic, as in this model, thus eliminating the hysteresis sometimes experi- 
enced in molding plastic materials. 

2. The use of a magnet to hold the test objects greatly simplifies the target 
carrier, This also facilitates the changing of the targets desired in any given 
examination, 

3. The position of the two lights on the perimeter allows an even distribution 
of illumination. 

4. By rheostat control the perimeter illumination ranges 1 to 15 f.-c. from the 
zero point. 

5. The target and meridian positions can be fully controlled by electric motor 
operation. This gives the perimeter full “push button” operation by the examiner. 

C. Advantage of Design——The design of the perimeter offers the following 
advantages : 

1. Controlled illumination, in tenths of foot-candles, allowing more accurate 
recording. 

2. Standard control of isopter movement, enabling the examiner to present to 
the patient a steady, continuous, and accurate movement of the target. 

3. More accurate isolation of the areas of scotomata, both relative and absolute. 

4. More accurate recognition of early cases of conditions causing enlargement 
of the blind spot. 

5. Elimination of extraneous distractions, allowing more accurate fields of 
vision and better patient cooperation. 


6. Assurance of accurate records by use of the automatic charting device. 


STREPTOKINASE-STREPTODORNASE (VARIDASE) IN TREATMENT 
OF CORNEAL ULCERS 


CAPTAIN ALMERINDO G. PORTFOLIO 
MEDICAL CORPS, UNITED STATES ARMY RESERVE 


IL.LETT * and his associates have demonstrated that a catalytic agent, strepto- 

kinase, and an enzyme, streptodornase * could be successfully employed as an 
adjunct in the treatment of certain conditions in which the accumulation of clotted 
blood and pus creates a barrier to therapeusis. These substances, which are elab- 
orated by certain strains of beta hemolytic streptococci, offer a new physiologic 
approach to a difficult problem. 

Christensen and Macleod * feel that SK acts as a catalyst, causing the trans- 
formation of a zymogen of normal human blood, designated by them as plasminogen, 
into a proteolytic enzyme, plasmin. Plasmin is capable of digesting fibrinogen and 
lysing fibrin. There is some question, however, whether the activation of plasmin- 
ogen by SK is one of catalysis. Ratnoff described this activation reaction as a 
stoichiometric one, complying with the law of mass reaction; i. e., plasmin activity 
is proportional to the product of the concentrations of both SK and plasminogen, 
This concept was recently confirmed by Wasserman. SD is an enzyme which 
hydrolyzes deoxyribonucleic acid and deoxyribose nucleoprotein, which together 
constitute 30 to 70% of the sediment in thick, purulent exudates.* It is evi- 
dent that the lysis of fibrin requires the presence of a serum factor (plasminogen ). 
Magnesium (or manganese ) must be available in order for the degradation of deoxy- 
ribonucleic acid to take place. Both these factors are usually present at the site in 
adequate amounts. 

Since purulent exudates contain these two substrates, namely, fibrin and nucleo- 
protein, SK and SD would seem to be ideal agents to use in causing lysis and dis- 
solution of this material. The protective covering of fibrin and pus can be removed 
from bacteria, so that they are exposed to the cellular defenses of the body. Contact 


between antibiotics and the invading organism is facilitated by the same process.° 


SK and SD have no effect on fibrous tissue and collagen. Normal living cells are 
not damaged by the enzymes. However, through local irritation to serous mem- 
branes, they cause an outpouring of both serum and cells, 


From the Department of Ophthalmology, New York University Postgraduate School of 
Medicine. 

This work was originally submitted as a thesis to the faculty of the New York University 
Postgraduate School of Medicine in partial fulfilment of the requirements for the degree of 
Master of Science in Ophthalmology. 

*In this paper, the symbols SK and SD are used for the terms streptokinase and strepto- 
dornase, respectively. 
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It has been shown by Johnson ° that there is a decrease in the number of degen- 
erated cellular forms following an injection of SK and SD into an inflammatory exu- 
dative area, whereas fresh viable cells are unaffected. There is also an increase in 
the number of active motile leucocytes. This cellular response contributes to the 
débridement by phagocytosis. Thus, these substances accomplish both enzymatic 
and phagocytic débridement. 

SK and SD are foreign proteins and as such stimulate the formation of specific 
antibodies. These antienzymes can develop during an acute hemolytic Streptococcus 
infection or after repeated injections of these substances. Their inhibiting effect can 
be overcome by increasing the dosage of the enzymes. These agents can also pro- 
duce systemic manifestations similar to foreign protein reactions. Elevation of tem- 
perature, headache, nausea, vomiting, malaise, and arthralgia have been noted. This 
reaction is evanescent, however, disappearing in 24 to 48 hours.’ 

Rapid fibrinolysis of fibrin coagulum of normal human blood is produced by SK. 
‘This is in contrast to its actions or delayed effect when tests are conducted using 
blood of other animal species.’ : 

Many reports ¢ have appeared in the literature which indicate that SK and SD 
have been used successfully in such conditions as decubitus ulcers, burns, wound 
infection, infected sinus tracts and fistulas, meningitis, osteomyelitis, hematomas, 
and chest conditions, e. g., hemothorax and empyema. Few reports have appeared in 
the ophthalmological literature. 

Jukofsky '* first reported the use of SK-SD in the treatment of hyphema and 
subconjunctival hemorrhage. He injected into the anterior chamber of rabbits vari- 
ous concentrations of SK and SD, together with approximately 0.4 cc. of the rabbit's 
own blood. He stated that concentrations of 50,000 units of SK had a favorable 
effect in lysing clotted blood in the anterior chamber of the rabbit's eyes. In con- 
centrations higher than this, clouding, edema of the cornea, and iritis developed. A 
patient with traumatic hyphema and another with subconjunctival hemorrhage were 
then treated, with apparently good results. He also noted that topical application 
of 200,000 units of SK in the rabbit’s eye caused no injurious effect but that a diffuse 
conjunctival injection ensued. 

Friedman,'* following the work of Jukofsky, treated three patients with hyphema 
by direct intraocular injection of SK-SD and two patients with subconjunctival 
hemorrhage with local injection of the drugs. In all five cases the results were 
disappointing. The reaction to the irritation of the SK was almost worse than the 
original condition. Severe endothelial damage, with subsequent corneal edema, cycli- 
tis, secondary cyclitic membrane, and chronic inflammation, resulted in loss of 
useful vision, following intraocular injection. In one case enucleation was necessary 
because of secondary glaucoma and pain. The chemosis, lacrimation, photophobia, 
and pain which followed subconjunctival injection of SK-SD were far worse than 
the original subconjunctival hemorrhage. Cutting the dose in half, i. e., to 25,000 
units, did not seem to remove the irritating qualities of the drug. We have found 
that concentrations as small as 5,000 units of SK, when injected into the anterior 
chamber of rabbits, produce a severe iridocyclitis and permanent damage to the 
cornea. It would appear, therefore, that SK and SD in the concentrations heretofore 
used are not safe drugs for intraocular use. 


+ References 8 to 12. 
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SK-SD IN TREATMENT OF CORNEAL ULCERS 

It seems that there is need for a physiologic débriding agent in the treatment of 
severe corneal ulcers in which a necrotic base and purulent exudate are present. 
With the foregoing facts in mind, the following experiment was undertaken, in 


which these agents were used as an adjunct in the treatment of corneal ulcers. 


METHOD AND MATERIALS 


Varidase t, the commercial name of a product containing SK and SD, comes in a white, 
sterile, powdered form and dissolves readily in water or saline. A buffer is included in each 
vial to maintain a pH of 7.5. The drug is relatively unstable when in solution and must be 
preserved at a temperature of +2 to +5 C. The Varidase used in this experiment contained 
either 200,000 units of SK and 50,000 units of SD or 100,000 units of SK and 25,000 units of SD 

Initially in the experiment, SK-SD was applied to the cornea by means of an eye bath, 
after the local instillation of 0.5% tetracaine (Pontocaine) hydrochloride. The concentrations 
of SK and SD used in the corneal bath experiment ranged from 8,000 and 2,000 units, respec- 


Corneal Ulcers Treated with SK-SD (Varidase) 


Method of No. of 
Application Applications Results 


Corneal bath 10 Poor 


Diagnosis 
Hypopyon ulcer with 
descemetocels 


Hypopyon ulcer per- 
forated 


Hypopyon ulcer None 
Hypopyon ulcer M. lacunata 


Culture 
Ps. aeruginosa 


M. lacunata 


Subconjunctival in 2 Poor 
jection 


Corneal bath 7 Poor 

Corneal bath 8 Good 

1! days 
” 


Drop instillation 
Corneal bath 2 
Drop instillation 1 day 


Hypopyon ulcer M. lacunata Poor 


Marginal ulcer 
Recurrent central ulcer 


Hypopyon ulcer with 
descemetocele 


Hypopyon ulcer 
Marginal ulcer 
Recurrent central uleer 
Hypopyon ulcer 


Negative 
Negative 
M. lacunata 


D. pneumoniae 
Negative 

M. lacunata 
M. lacunata 


Drop instillation 
Drop instillation 
Drop instillation 


Drop instillation 
Drop instillation 
Drop instillation 
Drop instillation 


4 days 
6 days 
6 days 


7 days 
5 days 
6 days 
6 days 


Good 
Good 
Poor 


Good 
Fair 

Good 
Good 


Hemolytic 
Streptocoecus 
M. lacunata 
Staph. aureus 
M. lacunata 


Hypopyon uleer Drop instillation 8 days Fair 


Hypopyon ulcer Drop instillation 7 days Good 


tively, to 100,000 and 25,000 units, respectively, per cubic centimeter of sterile water. The solu- 
tion was held in contact with the ulcer for periods ranging from 5 to 20 minutes, adminis- 
tered once daily. It was prepared every day or every other day and stored at a temperature of 
from +2 to +5 C. Later the eye bath was discarded, and SK-SD (100,000 and 25,000 units 
respectively) was dissolved in 2 cc. of 1% methylcellulose, a fresh solution being prepared 
every other day. (The powder dissolves rapidly in methylcellulose.) This vehicle was selected 
because of its viscid nature, which allows more prolonged contact between the enzymes and 
the ulcer. Solutions of methylcellulose mix well with secretions, spread smoothly throughout 
the conjunctival sac, and remain longer in it than do aqueous solutions.'® This solution was 
instilled into the patient’s eye every one or two hours while awake. 

One patient received subconjunctival injections of SK-SD dissolved in sterile water (5,000 
and 1,250 units and 2,500 and 625 units, respectively) on two occasions. 


The results of this experiment are summarized in the accompanying Vable. The 
effect of SK-SD, as a débriding agent in corneal ulcers, was studied in 14 patients. 
Twelve of these patients had central ulcers, and 2 had severe ulcers of the marginal 
type. The causative organism was Moraxella lacunata (Morax-Axenfeld bacillus ) 


t Lederle Laboratories Division, American Cyanamid Company 
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in six cases, Pseudomonas aeruginosa in one case, and Diplobacillus pneumoniae in 
another, and cultures were negative in three cases. In two cases mixed organisms 
were isolated—M. lacunata and Staphylococcus aureus in one and M. lacunata and 
a hemolytic Streptococcus in the other. One ulcer was not cultured. In addition to 
the enzymes, patients were given antibiotics topically, subconjunctivally, and sys- 
temically ; cortisone, atropine, local heat application, and fever therapy were used 
as indicated. In several cases paracenteses were done when the intraocular tension 
was elevated. 

The débriding action of these agents was determined by examining the patients 
daily with the biomicroscope. Every few days the corneas were stained with 1% 
fluorescein and studied to ascertain the amount of healing. 

The results in seven cases were classified as good, in two as fair, and in five 
as poor. 

The first patient treated with SK-SD had a hypopyon ulcer with descemetocele 
caused by Ps. aeruginosa. There was little, if any, clearing of the base of the ulcer 
with use of the corneal bath. The ulcer ruptured spontaneously, and the eye was 
enucleated five months later. In Case 2 SK-SD solution was injected subconjunc- 
tivally; the ulcer had spontaneously perforated before the injection. Since, in all 
probability, this eye was lost, a trial subconjunctival injection was justified. Two 
injections were given, without beneficial effect. This eye was enucleated four months 
later. Cases 3, 5, and 8 behaved in a similar manner; i. ¢., the base or margins of 
the ulcer did not clear and spontaneous perforation occurred. 

The results in two cases were classified as fair. In one of these cases (Case 10), 
although the necrotic base of the ulcer cleared rapidly in three days, the ulcer rup- 
tured spontaneously, and during the healing stage an adherent leucoma developed. 
In Case 13 a posterior abscess was present, and, although the ulcer cleared anteriorly, 
it did not heal until spontaneous perforation occurred and the abscess had drained. 
lhis perforation occurred in spite of repeated paracenteses. 

In seven of the ulcers SK-SD seemed to have a definite beneficial, débriding 
effect. The effect was dramatic in Cases 7, 9, 11, and 14; the base of the ulcers 
cleared rapidly and the ulcers healed in a short time. In the other three cases 
(4,6, and 12) the débriding action was somewhat less striking and the ulcers healed 
more slowly. Case 4 showed no improvement with the corneal bath. Treatment 
with SK-SD drops was then instituted and the bath discontinued ; within five days 
the central portion of the ulcer had cleared. This ulcer, however, did not heal until 
five weeks later. 
COM 


Admittedly, it is difficult to evaluate the results of this type of experiment, for 
several reasons. In the first place, several agents were employed at the same time, 
making it almost impossible to single out one agent as the effective one. Second, 
this evaluation is made more complex by lack of controls and or corroborating 
animal work. Third, a small clinical experiment of this nature is not statistically 
significant. 

It was considered unwise to assay a controlled clinical experiment because of 
the relative scarcity of this type of clinical material. Regarding animal work, the 
rabbit, which is the most logical laboratory animal to employ in such an experiment, 
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is low in the serum factor, plasminogen. Thus, SK would for all intents and pur- 
poses be ineffective and the potency of these substances considerably reduced. 

No deleterious effects were noted when SK-SD was used topically. The corneal 
and conjunctival tissues tolerated high concentrations without obvious ill effect. 
When, however, it was injected subconjunctivally, even small doses proved highly 
irritating. Severe lid edema, chemosis, and marked pain developed about two to 
three hours after injection. Pain was never a complaint when SK-SD was used in 
drop form every one or two hours, nor was chemosis seen. Occasionally patients 
complained of slight pain after a corneal bath application. Some eyes were some- 
what more congested while under SK-SD therapy. There was no accumulation of 
purulent exudate in the conjunctival sacs and along the lid margins while patients 
were treated with SK-SD, and in general the affected eye appeared “cleaner.” In 
one patient, whose case report is not included here, subconjunctival injection 
produced marked systemic symptoms, consisting of nausea, vomiting, and a tem- 
perature of 104.2 F., all of which subsided within 36 hours. 

The results with the corneal bath were disappointing, although more frequent 
daily application might have produced better results. areckson and associates '" 
reported the effective débridement of a corneal ulcer with an SK-SD eye bath 
applied every four hours for three days. This method, nevertheless, is cumbersome 
at best and, if used at frequent intervals, is even dangerous in patients with 
descemetocele. 

Drop instillation was found to be a satisfactory method of administration, 
although more prolonged contact between the ulcer and the enzymes could possibly 
be accomplished by using an ointment vehicle. The ointment, on the other hand, 
might act as a barrier to the antibiotics, which would limit its usefulness. 

It can be noted from examination of the Table that 8 out of the 14 ulcers were 
caused by M. lacunata. This organism, as a cause of hypopyon ulcer, was recently 
elaborated on by Fedukowicz and Horwich.'’ This type of ulcer is particularly 
resistant to therapy. 

SK-SD has been used in eye wards of our institution for two years in the 
treatment of corneal ulcers. It has not been used routinely in all types of ulcers 
but has been employed only in those in which the base contained much necrotic 
material and thick purulent exudate was present. Patients were kept on SK-SD 
as long as the ulcer continued to clear, or until it became obvious that this treat- 
ment was ineffective. In most cases this period was about six or seven days. 

Cases were not graded according to visual results, since central ulcers usually 
heal with a dense scar and vision is ordinarily not equal to more than counting 
fingers. In spite of the expected poor visual result, it is important to preserve the 
integrity of the eye by (1) preventing perforation of the ulcer and subsequent devel- 
opment of adherent leucoma and (2) preventing posterior synechiae, so that a 
functioning pupil is maintained. Thus, the eye becomes a better surgical risk for 
keratoplasty if such a procedure becomes indicated at a later date. 

While only one-half the cases (7 out of 14) showed good results, it should be 
mentioned that three of the ulcers classified in the poor category were far advanced 
before treatment was begun. Descemetocele was present in Cases 1 and 8, and in 
Case 2 the ulcer had previously perforated. 
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It is suggested that the following routine be established in the treatment of 
severe hypopyon ulcer : 


1. Smear, scraping, culture, and sensitivity tests. 

2. Dilatation of pupil with 2% atropine, 4% cocaine, and 10% phenylephrine 
( Neo-Synephrine ) hydrochloride pledgets in both fornices. If use of the pledgets 
is unsuccessful, then a combination of drugs should be injected subconjunctivally. 
This is indeed important, because unless dilatation is attempted when the patient 
is first seen, it may later be unsuccessful. If the pupil does not dilate with this 
treatment, the synechia cannot be broken by medical means. 


3. Instillation of SK-SD (Varidase):in 1% methylcellulose, one or two drops 
every one or two hours. 

4. Systemic administration of chloramphenicol (Chloromycetin), sulfonamides, 
penicillin, or streptomycin, or combinations thereof, as indicated. 

5. Subeonjunctival injection of penicillin and streptomycin if necessary. 

6. Topical administration of appropriate antibiotics. 

7. Local application of heat three times a day. 

8. lever therapy. 


CONCLUSIONS 


No definite conclusions can be gathered from such a small clinical experiment, 
but certain impressions have been gained. In corneal ulcers, in which there is need 
for débridement, it is suggested that SK-SD (Streptokinase-Streptodornase ; 
Varidase) be used as an adjunct to suitable antibiotic therapy. If the ulcers are 


severe, it is wise to treat the patient with the appropriate antibiotics systemically 
and subconjunctivally. The intraocular and subconjunctival injection of SK-SD 
is unsafe in the concentrations heretofore used. 


SUMMARY 


Fourteen patients with corneal ulcers were treated with SK-SD ( Varidase) and 
antibiotics. 


In seven cases the results were good ; in two, fair, and in five, poor. 

The use of SK-SD, as an adjunct to antibiotic therapy, is suggested in severe 
corneal ulcers. 

The injection of SK-SD intraocularly or subconjunctivally is not advised. 
A routine in the treatment of severe corneal ulcers is outlined. 


Dr. A. Gerard DeVoe and Dr. William S. Tillett gave helpful suggestions during the course 
of this experiment. 
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A NEW CAMERA FOR MEDICAL STEREOPHOTOGRAPHY WITH 
SPECIAL REFERENCE TO THE EYE 


DAVID D. DONALDSON, M.D. 
BOSTON 


I SPITE its obvious advantages, three-dimensional photography of the eye has 

been infrequently employed.* A special camera for this purpose was described 
by me several years ago.® Subsequent models utilizing the same basic principles have 
now been used in the Howe Laboratory of Ophthalmology for five years, but the 
modifications have been sufficiently extensive to warrant designating the present 
model as anew camera. 

The advantages of the present camera, leading to simpler operation, are these: 
(1) a new device for more accurate focusing ; (2) a single film holder; (3) a more 
compact construction; (4) a wider range of magnification with a single focal length 
lens, and (5) a reflex mirror system. It retains the advantages of parallax correction 
without distortion (by translation), variable interlens distance, and the use of elec 
tronic flash (Strobe light). Although this camera was primarily designed for use in 
photography of the anterior segment and lens of the eye, it has also been found useful 
in Other medical and biological fields. 


DESCRIPTION 


reflex 
housing, (3) the film holder, (4) the electronic flash lamp for the source, (5) the base, and (6) the 
stand with rack and pinions. The prism-lens assembly (Fig. 1, 4) is composed of two rhomboid 
prisms (Fig. 2,/:), one mounted in front of each lens 


The basic components of the camera are (1) the prism-lens assembly, (2) the 


(Fig. 2,17). The rays entering the 
camera are first reflected through these rhomboid prisms, which are arranged on two right 
and left-hand threaded screws. This arrangement makes it possible to move the upper two 
reflecting surfaces toward or away from each other without linear movement of the lower 
surfaces. In turn, the lower reflecting surfaces can be moved without movement of the uppet 
surfaces. The separation of the upper two reflecting surfaces determines the effective interlens 
distance, and the separation of the lower surfaces determine the correction for parallax. The 
lower two surfaces of the rhomboid prisms face two matched photographic lenses (Vig. 2, ))). 


These lenses are also connected with the prisms in such a way that movement of the lower 
surfaces produces a corresponding movement of the lenses. A pair of round bellows connects 
the lenses with the reflex housing. The reflex mirror, when down, is light-tight and thus also 
acts as a shutter (Fig. 2,(C). Incorporated in the roof of the double reflex housing (Fig. 1, /°) 
are six incandescent bulbs, which are used in focusing the camera. These consist of four small 
bulbs of the “point source” type (Fig. 2,2) and two larger bulbs having vertical filaments : 
(Fig. 2,4). All the filaments are located so as to be effectively in the plane of the film, and thus 
their images are projected by the optical system of the camera onto the object being photo- 
graphed (Fig. 2,inset). The larger bulbs are centrally located above each reflex mirror 


From the Howe Laboratory of Ophthalmology, Harvard Medical School, and Massachusetts 
ye and Ear Infirmary. 
* References 1 through 5 
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lig. 1—The stereoscopic camera with the electrome tiash umt removed, demonstrating 
(A) prism-lens assemblies, (2B) interlens adjustment knob, (C) interlens adjustment scale, 
(1D) parallax adjustment knob, (/) parallax adjustment scale, (/') retlex housing, (G) spring 
mechanism housing, (//) lever arm, (/) film advancement knob on the film holder, (J) bellows 
extension knob, and (A) bellows extension scale 


hig. 2—Semidiagrammatic drawing of the camera showing the optical system. Represented 


is the projection of the images of the focusing lights when the mirrors are in the downward posi 
tion. ‘The inset illustrates the relative positions of the “field” lights and the center focusing 
lights. The latter are in alignment on the iris. 4 indicates center focusing lights; B, corner 
“held” lights (paths of which have not been demonstrated), C, reflex mirrors, D, lenses and 
E, rhomboid prisms 
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(Fig. 2,C). Their vertical filaments are placed in such a manner that one image is projected 
above that of the other. When these images are in alignment with each other on the object 
being photographed, the camera is in accurate focus (Fig. 2,inset). The smaller bulbs are 
located above only one reflex mirror, with one bulb in each corner of a rectangle equal to the 
size of the film. By means of these smaller bulbs the limits of the field of the picture are 
exactly defined on the object being photographed no matter what magnification or minification 
is used (Fig. 2, inset). 


Mounted on one end of the reflex housing is the spring mechanism (Fig. 1,G), 
which is activated when the cable release is pressed. The reflex mirror is lifted to the hori- 
zontal position, and at this point a microswitch is activated, which, in turn, triggers the elec- 
tronic flash. The mirror then immediately returns to its light-tight position. In addition, the 
mechanism automatically turns off the focusing lights when the cable release 


is first pressed. 
These lights remain off until the lever arm (lig 


1,//) is returned to its downward position. 
After each exposure the lever arm is locked in the upward 
until the 


position and cannot be lowered 
film has been advanced. This avoids double exposure 


Fig. 3 Complete camera 1 tor oper ! Unit cor camera, fla 


h lamp with 
cone, power sup] , and chin rest 


The film holder is attached to the 1 tard 35 
The resultant picture ¢ is 24 by 30 m by lig nu 
the stereo pair 


The electronic flash unit consists of a fl (general Electric FT218) mounted in 
front of a 2 in. (5 cm.) concave reflector (Fig. 3). A small polished metal cone is mounted 
on the front of the lamp housing. The smaller end of this cone is just above the two prisms 


Because the lamp housing is mounted on the camera, the lamp remains in alignment regardless 


of camera movement 


The reflex housing, with the film holder, and the prism-! 


ens assembly are mounted on a 


base. Bellows extension is accomplished by the t 


rward and backward movement of the reflex 


housing by means of a rack and pinion. ‘The base is mounted on a stand, allowing linear move- 


ment of the entire camera forward, backward, upward, and downward 


It also allows rotation 
in both a horizontal and a vertical plane 


When utilized for photographing the anterior seg- 


ment or lens, the camera, with its stand, is placed on a small table, to which a chin rest is 


attached. The power supply is conveniently placed on a small shelf under this table. 
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The camera is calibrated by means of three scales that show, respectively, (1) the amount 
of bellows extension, which determines the magnification (Fig. 1,4); (2) the separation of 
the upper reflecting surfaces of the rhomboid prisms, which determines the effective interlens 
distance (Fig. 1,C), and (3) the separation of the lower reflecting surfaces, which deter- 
mines the parallax adjustment (Fig. 1,/). Each scale has engraved on it numbers which 
represent the degree of magnification or minification. 

The lens aperture remains set at f/18 at all times, and the light intensity is varied for 
the various magnifications. This light intensity is charged by means of a variable transformer 
and a voltmeter, which are built into the power supply. The meter is calibrated according to 
the degree of magnification and minification corresponding to the scales on the camera. This 
meter reading is adjusted by means of the variable transformer knob on the power supply. 


OPERATION 

Depending on the requirements of detail and area, an appropriate magnification or mini- 
fication is selected. Adjustment for interlens distance, parallax correction, and bellows exten- 
sion is accomplished by setting each of the three calibrated scales to the number representing 
the desired magnification. Adjustment for light intensity is determined by the meter reading 
on the power supply. Thus, if a magnification on the film of 14% is required, each scale is 
adjusted to the number 1%. Next, the lever arm is moved to the down position, turning on 
the focus lights, which are projected onto the object being photographed. The entire camera 
is then moved toward or away from the object by means of the rack and pinion until the 
images of the vertical filaments are in alignment. By noting the positions of the images of the 
four small bulbs, one is able to determine the extent of the field, each light representing one 
corner of this field. At the moment the two images of the centrally located lamps are seen to 
be in alignment the cable release may be pressed. This will lift the mirror and trigger the 
electronic flash. To repeat the cycle, the lever arm must be returned to its downward posi- 
tion. This cannot be accomplished, however, until the film is wound to the next frame, 


COMMENT 

The difficulties encountered in close-up stereophotography are largely those of 
correcting the parallax and varying the interlens distance. It is essential that the 
area incorporated in each of the stereo pairs be closely approximated. This correc- 
tion for the marked parallax produced by the closeness of the objects being photo- 
graphed is accomplished, as already mentioned, by movement of the lower two 
reflecting surfaces of the rhomboid prisms toward or away from each other. Failure 
to correct for this would result in duplication of only a portion of the fields in each of 
the stereo pairs. As such, they would be unsuitable for stereoscopic viewing. Also, 
by keeping the plane of the film parallel with that of the object, as is the case with 
this camera, correction for parallax is accomplished by translation. This avoids the 
undesirable “‘keystoning,” or wedge-shaped distortion, associated with correction for 
parallax by convergence. 


It is a known fact that an interlens distance of less than the average interocular 


distance is required for stereophotography of close up objects. Thus, in the equip- 


ment described, an effective interlens (actually interprismatic) distance of 18 mm. 
is used at a magnification of 2 & on the film (or 10 & in the viewer). It has been 
determined that this effective interlens distance at 2 * magnification is required to 
obtain a realistic stereoscopic effect of the human eye. Greater or smaller lens sepa- 
rations may be required, depending on a number of factors. Some of these factors are 
the distance of the camera from the object being photographed, the depth within 
this object, the focal length of the camera lens, and the method of viewing the stereo- 
scopic photograph (viewer or stereoprojector). At the higher magnifications the 
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interlens distance should be less than that possible by placing most photographic 
lenses side by side, because of the increased diameter due to the barrel in which the 
lens is mounted. Thus, the arrangement using rhomboid prisms not only enables one 
to adjust for parallax but also makes possible an effective interlens distance consider- 
ably less than the diameter of the mounted lens. Under these conditions, the faces 
of the prisms need be only large enough to cover the area of the actual lens itself, 
which is generally about one-half the diameter of the complete lens with its mount. 
Therefore, with the considerably decreased effective interlens distance, the camera 
has a continuous range of focusing from a magnification of 2%. % on the film (13 « 
viewer magnification) to a minification which will include, for example, the full 
length of a patient. 

Ome of the more important aspects of medical or biological photography is an 
accurate method of focusing. It is preferable, and sometimes essential, to avoid the 
use of bright lights in focusing and to avoid having to close the apertures after 
focusing. Owing to the sensitivity of the eye to light, especially in the diseased 
state, frequently only a minimum of light is tolerated. Moreover, because of the diffi- 
culty of immobilizing many living objects, it is important to be able to take the pho- 
tograph immediately at the completion of focusing. The described method of focusing 
fulfills both these requirements. The focusing lights place a very small total amount 
of light in the eye, although the images of the aligned filaments are very bright. 
Moreover, focusing by means of alignment of the filament images is actually more 
accurate when the lens apertures are small ({/18 being used). In addition, the reflex 
mirror system provides for practically zero delay between the focusing and the taking 
of the picture. 

Another advantage of this method of focusing is that the images of the filaments 
are seen in the media of the eye in the same manner as the slit-lamp beam is seen. 
These images can, for example, be aligned in any portion of the crystalline lens, even 
though the lens has no visible opacities. Also, in focusing, it is generally much easier 
to determine the correct angle of view when looking directly at the object being 
focused upon than through some type of viewer. 

An alternative method of focusing is made possible by the double-reflex mirror 
system. The focusing lights are removed and the two images viewed stereoscopically 
on a ground glass by means of a pair of lenses identical with those used in the stereo- 
scopic viewer. A pair of roof prisms are used in this viewer to correct for reverse 
stereopsis. By means of this arrangement a stereoscopic effect is produced which is 
very similar to that which will result in the final picture. In this way various com- 
binations of effective interlens separation and parallax adjustment can be tried until 
the desired effect is obtained. This is especially advantageous when objects are being 
photographed which have an unusual degree of depth. Correction can be made for 
objects which are unusually shallow and require an increased interlens separation or 
are unusually deep and thus require a decreased interlens separation. In addition, it 
is not necessary to guess the proper settings in photographing objects with which 
one has not already had experience. If considered desirable, the depth can be exag- 
gerated, thus producing a hyperstereoscopic effect. This method can be utilized to 
bring out important depth relationships, such as the difference in depth of various 
opacities within the cornea. To produce this effect, an increased effective interlens 
separation must be used. This ground glass method of focusing just described, how- 
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ever, necessitates having the apertures open, as well as a fairly bright illumination 
of the object being photographed. 

Regarding lenses, it has been found that for maximum definition a symmetrical 
type of lens designed for focusing at close range is the most desirable. Of this type, 
the 80 mm. Microsummar f/4.5 (FE. Leitz, Wetzler) is particularly suited because 
of its small amount and its longer focal length. This lens allows an easier working 
distance between the camera and the patient when the higher magnifications are used. 
The 31% in. Goerz Dagor {/6.8 (Goerz American Optical Co.) is another symmetrical 
lens, with the additional advantage of a removable element which increases the focal 
length. This makes possible the taking of photographs at a 1:1 magnification with 
more than | ft. (30 cm.) distance between the patient and the camera, a feature partic- 
ularly valuable in photographing eye operations. Because a considerable portion of 
the stereoscopic photograph must be in focus to achieve a desirably realistic effect 
and to avoid discomfort in viewing, a small aperture is absolutely essential. However, 
it is important to have a lens of moderate speed in order that the original calibration 
can be accurately accomplished or that the ground glass method of focusing can be 
utilized. Thus, with a lens of moderate speed, the calibration of the higher magnifi- 
cations can consistently be made accurate within 0.2 mm. of the point of the actual 
focus. Focusing by means of the alignment of the filaments is also repeatable within 
0.2 mm. with the apertures closed down. Thus, the maximum error in focusing is 
somewhat less than 0.4 mm., and the depth of the field is approximately 3 mm, at 
2 X magnification (on the film) with an aperture setting of {/18. Because the critical 
aperture is considerably exceeded if the lens is stopped down much more than {/18, 
it appears that this aperture setting is about optimum. 

The electronic flash lamp (Strobe light), now commonly used in medical photog- 
raphy, is particularly well suited to the eye because of its short duration (approxi- 
mately 1/5000 second ), ease of use, and safety. In anterior segment photography a 
large corneal reflex often obscures important details and is also disturbing to the 
person viewing the photograph. Therefore, it is important to take measures to 
reduce to a minimum the size of the reflex. This must be done without sacrificing 
too much light in orde. that a small aperture can be utilized. Both by mounting the 
flash lamp in front of a small reflector and by keeping the light source well away 
from the eye, this reflex can be kept small. Both the General Electric FT210 (with 
the envelope removed) and the General Electric FT2i8 appear to be the most satis- 
factory for this purpose. It has been found that anything less than a 200 watt-second 
power supply produces an inadequate amount of illumination for color film. 

The stereoscopic photographs taken with this camera may be viewed or projected 
with an ordinary stereoscopic viewer or projector. A special viewer utilizing a 
4-watt fluorescent lamp and fixed focus system has been found to have definite 
advantages over those commercially available. 


SUMMARY 


It is generally agreed that there are features in medical photography, especially 
in eye photography, which cannot be adequately shown without the stereoscopic 
photograph. The present camera takes stereoscopic photographs of close-up objects 


and utilizes independent variable interlens separation and parallax adjustment. This 
important feature eliminates the common distortions inherent in other cameras. It 
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has a range of focusing which will include an area slightly less than the cornea (2% 
magnification on the film) to an area which would take in the full length of a patient. 
The camera utilizes a single film holder in combination with a double reflex housing 
and an electronic flash lamp (Strobe light). The images of six small lights are 
projected onto the object being photographed by means of the optical system of the 
camera. Four of the lights are of small “point source” type and are projected to each 
corner of the field and delineate its extent. The other lights are centrally located 
and have vertical filaments. When the images of these vertical filaments are in align- 
ment on the object being photographed, the camera is accurately focused. This pro- 
cedure is performed with apertures stopped down, and the picture can be taken 
immediately at the completion of focusing. The operation of the camera is simpli- 
fied so as to make possible the setting of the camera for the desired magnification 
and the taking of the picture within a minute’s time. 


REFERENCES 
1. Driiner, L.: Uber Mikrostereopsie und eine neue vergréssernde Stereoskopcamera, 
Ztschr. wissensch. Mikr. 17:281-293, 1900. 
2. Metzger, E.: Augenartz und Phctographie, Klin. Monatsbl. Augenh. 79:1-17 (July) 1927. 


3. von der Heydt, R.: Stereophotography of the Anterior Eyeball and Fundus, J. A. M. A. 
89: 1672-1673 (Nov. 12) 1927. 


4. Hughes, W. L.: Sterescopic Photography as Applied to the Eye, Arch. Ophth, 3:583-587 
(May) 1930. 


5. Driiner, L.: Medizinische Kinemato- und Photographie itiber vergrossernde Stereoskopie, 
Deutsche med. Wchnschr. 59:652-653 (April 28) 1933. 


6. Donaldson, D. D.: A Camera for Stereoscopic Photography of the Anterior Segment, 
Arch. Ophth. 43: 1083-1087 (June) 1950. 


sm ° 
es 
570 


EFFECT OF CHANGES IN OSMOTIC PRESSURE OF BLOOD 
ON AQUEOUS HUMOR DYNAMICS 


ANDREW deROETTH Jr., M.D. 
NEW YORK 


HE OSMOTIC relation between blood and aqueous humor is a factor which 

plays an important and well-recognized part in governing the intraocular 
pressure.' Duke-Elder * and associates showed in 1938 that the aqueous is slightly 
hypertonic to blood; this observation was further elaborated by Duke-Elder * and 
Davson* and substantiated by Kinsey.’ In 1948 Duke-Flder and Davson * wrote : 
“It may be that the maintenance of this osmotic gradient is of considerable impor- 
tance in the mechanism of the intraocular pressure. This factor has not been fully 
explored.” A unified concept for the maintenance of the intraocular pressure was 
proposed by Kinsey ° in 1950; here, again, emphasis was on the osmotic interrela- 
tionship of blood and aqueous humor. The attention of the above-mentioned investi- 
gators was focused mainly on the intraocular pressure, while other aspects of aqueous 
humor dynamics were not explored. The introduction of Grant's * aqueous outflow 


test gave a new impetus to glaucoma research, because it furnished us with more 
information concerning the pressure regulation mechanism of the eye; Le, in 


addition to the intraocular pressure, we can now measure the resistance to the out- 
flow of the aqueous and also calculate the total rate of aqueous outflow. Because of 
the apparent importance of the osmotic gradient existing between the intraocular 
fluid and the blood, it was thought that by employing Grant's tonographic method 
and artificially changing the osmotic pressure of the blood, further information might 
be obtained concerning the aqueous humor dynamics of both normal and glauco- 
matous eyes. With this idea in mind, the following study was undertaken. 


MATERIAL AND METHODS 


The majority of the patients for this study were taken from the Glaucoma Department of the 
Institute of Ophthalmology of the Presbyterian Hospital in New York; the rest of the patients 
were obtained from the Glaucoma Clinic of the Institute of Ophthalmology in London. All 
patients had well-documented histories of glaucoma dating back anywhere from several months 
to several years. For the purposes of the present discussion, chronic simple, or open-angle, 
glaucoma will be defined as a disease characterized by increased intraocular pressure, glau- 
comatous field changes, and cupping of the optic nerve head, the anterior chamber angle being 
open at all times. The glaucomatous eyes had not been operated on and were without miotic 


This study was supported by the Alfred P. Sloan Foundation, Inc., and by the Whitehall 
Foundation, Inc. 

From the Institute of Ophthalmology, Presbyterian Hospital, and from the Glaucoma 
‘Clinic, Institute of Ophthalmology, London; Director of Research, Sir Stewart Duke-Elder. 

* References 7 and 8. 
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medication for at least 36 hours prior to the experiment, Tensions were taken by the electronic 
tonometer, and the aqueous outflow test was carried out according to Grant’s * four-minute test, 
all measurements being performed by the same observer. The facility of aqueous outflow, which 
is a measure of the resistance to the outflow, is expressed as a coefficient, C, or cubic millimeters 
per minute per millimeter mercury pressure, and the total rate of flow, as K, or cubic milli 
meters per minute 


\ series of normal eyes were also studied; the normal subjects were in 
approximately the same age group as the glaucomatous patients 


Eyes with congestive, narrow-angle glaucoma were not included in this study because it is 
known that the size of the pupil and the appearance of the anterior chamber angle influence the 
intraocular pressure in this type of glaucoma. Consequently, any effect produced by varying the 
osmotic pressure of blood may be overshadowed by the momentary state of the anterior chamber 
angle in these eyes. In chronic simp'e, open-angle glaucoma, on the other hand, the size of the 
pupil and the state of the angle probably have only a minimal effect on the pressure regulation 
mechanism of the eye. 


rhe use of tonography on human eyes introduces certain sources of error. This problem was 
extensively discussed by Becker and Friedenwald!° in a recent paper. The limitations of the 
method are particularly noticeable when absolute values are considered, i. e., when the results of 
tonography for one patient are contrasted with those for another. However, the resu'ts become 
considerably more significant when this test is performed by the same observer, using the same 
electronic tonometer on the same eye. It is to be expected that the error that occurs in tonog- 
raphy probably will be constant in a given eye within a limited period of time, and therefore 


the relative changes that take place become of importance. In this investigation, these relative 
changes in the tonographic measurements were primarily considered. Furthermore, it should 
be mentioned that Grant ¢ first described the aqueous outflow test not as a diagnostic procedure, 
but mainly as a clinical method to study the mechanism of glaucoma. Since that time, however, 
the aqueous outflow test has been used primarily as a diagnostic {| and prognostic procedure in 
glaucoma, In the present investigation, on the other hand, tonography was employed for its 
original purpose, namely, to study the mechanism of primary glaucoma 

Sorbitol § was chosen as the hypertonic agent to be injected intravenously. Bellows and 
associates || did extensive studies on the effect of various hypertonic solutions, particularly sor 
bitol, on the intraocular pressure of glaucomatous eyes. Sorbitol appears to be relatively non- 
toxic and only partially metabolized, as most of it is excreted unchanged from the body; it can 
be used with impunity even in moderately diabetic patients. For the purpose of the present work, 
100 ce. of 50% sorbitol was injected intravenously within five minutes; the intraocular pressure 
and tonographic measurements were carried out at various intervals before and after injection. 


In order to study the effect of hypotonic agents on aqueous humor dynamics, the water-drink 
ing test was performed on a group of normal eyes. It is known that water will cause hemodilu 
tion and thereby reduce the osmotic pressure of blood. This test was carried out on an empty 
stomach, tonographic measurements being done both before and approximately half an hour 
after the ingestion of 1,000 cc. of water. 

In a previous communication '* the spontaneous diurnal variations in intraocular pressure 
were studied with the aqueous outflow test in a group of glaucomatous eyes. At that time only 
the facility of aqueous outflow was reported; however, in the light of knowledge gained from 
the present study, it became of interest to examine the effect of spontaneous diurnal changes on 
the total rate of aqueous outflow as well. Therefore, the results of the previous study were 


reevaluated, and it was found that of the 40 eyes with chronic simple glaucoma studied with 
tonography, 22 showed considerable changes in the intraocular pressure and also in the total 
rate of aqueous outflow. For this reason, the spontaneous diurnal changes in the total rate of 
flow of aqueous in these glaucomatous eyes will be given in the present report. 


+ References 7 and &. 


t References 11 through 15. 


§ Sorbitol was supplied by Abbott Laboratories, North Chicago, Ill., through the courtesy 
of Dr. Arnold EF. Osterberg 


|| References 16 and 17. 
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RESULTS 

Figure 1 shows the effect of intravenous injection of sorbitol on the aqueous 
humor dynamics of eyes with chronic simple glaucoma without medical or surgical 
treatment. It is evident that in most of these eyes there was considerable drop in the 
intraocular pressure within half an hour. Preliminary experiments showed that the 
greatest fall in the tension of these eyes occurred approximately half an hour after 
injection ; the tension then slowly began to rise and in most instances attained the 
original level within two hours. At the same time, however, the facility of aqueous 
outflow remained approximately the same, the minimal changes noted being within 
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Fig. 1—A, effect of intravenous injection of 100 cc. of 50% sorbitol on the intraocular 
pressure in 48 eyes with chronic simple, open-angle glaucoma not treated or operated on. Each 
vertical line represents the change in intraocular pressure from just before to 30 minutes after 
the test in an individual eye. 

B, effect of intravenous injection of 100 cc. of 50% sorbitol on the rate of flow of aqueous 
in 48 eyes with chronic simple, open- angle glaucoma not treated or operated on. Each vertical 
line represents the change in the rate of flow of aqueous from just before to 30 minutes after 
the test in an individual eye 

C, effect of intravenous injection of 100 cc. of 50% sorbitol on the facility of aqueous outflow 
in 48 eyes with chronic simple, open- -angle glaucoma not treated or operated on. Each vertical 
line represents the change in the facility of aqueous outflow from just before to 30 minutes after 
the test in an individual eye. 
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Taste 1—Effect of Intravenous Injection of 100 Cc. of 50% Sorbitol on Facility of Aqueous 

Outflow, Total Rate of Flow, and Intraocular Pressure in a Patient* with Established 
Bilateral Chronic Simple, Open-Angle Glaucoma That Had Not Been Operated On 


and Had Had No Miotic Medication for Forty-Eight Hours Prior to Test 


O.D4+ 


Time 
8:15 4 


0.13 


hk 1.0.P © kK 1.0.P. 


4.2 37 O15 3.8 20 


8:90 a.m... 100 ce. of 50% sorbitol injected intravenously 
9.0048 O14 19 O.14 1.9 1 


92 
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10:30 a 
11:0 a. 
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big. 2.—A, effect of intravenous injection of 100 cc. of 50% sorbitol 


sure in 25 normal eyes. Each vertical line represents the change 
just before to 30 minutes after the test in an individual eye 


on the intraocular pres- 
in intraccular pressure from 


B, effect of intravenous injection of 100 cc. of 50% sorbitol on the rate of flow of aqueous 
in 25 normal eyes. Each vertical line represents the change in rate of flow of aqueous from just 
before to 30 minutes after the test in an individual eye. 

C, effect of intravenous injection of 100 cc. of 50% sorbitol on the facility of aqueous outflow 
in 25 normal eyes. Each vertical line represents the change in the facility of aqueous outflow 
from just before to 30 minutes after the test in an individual eye 


the experimental error, The total rate of aqueous outflow, which is another factor 
that can be calculated from tonography, was obtained from these experiments. A 
decrease in the total rate of aqueous outflow followed the injection of sorbitol, cor- 
responding to the drop in the intraocular pressure. Furthermore, it was noticed 
that when the intraocular pressure resumed its original value, the rate of flow of 
aqueous also returned to its preinjection level, while all this time the facility of 
aqueous outflow remained approximately unchanged. Forty-eight eyes with various 
stages of chronic simple, open-angle glaucoma were used for this part of the study, 
the diseased stages varying from relatively early to far-advanced. 
Table 1 presents a typical case in this group. 
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Mrs. A. W. was a patient with well-established bilateral chronic simple, open-angle glau- 
coma, whose tension had previously been adequately controlled with a miotic regime. At the 
beginning of the experiment the intraocular pressure was elevated in each eye. It dropped from 
37 to 15 mm. in the right eye and from 30 to 15 mm. in the left eye in half an hour after the 
administration of 100 cc. of 50% sorbitol intravenously. During this time, the facility of aqueous 
outflow remained approximately unchanged, being about 0.13 cu. mm. per minute per millimeter 
Hg pressure in the right eye and 0.15 cu. mm. in the left eye. During the same time, the total 
rate of aqueous outflow decreased from 4.2 to 1.9 cu. mm. per minute in the right eye and from 
3.8 to 1.9 cu. mm. in the left eye. Within the next hour and a half, the intraocular pressure 
slowly rose to the original level again, reaching 33 mm. in the right eye and 29 mm. in the left 
eye at the two-hour level. Two and one-half hours after the injection, both the tension and the 
rate of flow of aqueous of these eyes reached approximately the preinjection level. 


Figure 2 shows the effect of intravenous injection of sorbitol on the aqueous 


humor dynamics in 25 normal eyes. Here, again, the greatest drop in the tension 
and rate of flow of aqueous took place 30 minutes after injection; within two hours 
both these values were back up to preinjection levels. Thus far the normal and 


the glaucomatous eyes showed similar responses to sorbitol. In the facility of aqueous 


TasLe 2.—Effect of Intravenous Injection of 100 Ce. of 50% Sorbitol on Facility of Aqueous 
Outflow, Total Rate of Flow, and Intraocular Pressure in Normal Eyes* 


O.D.+ O.S.4 


Time k 1L.O.P iN 


0.30 6.2 20 O24 3.5 19 
8:20 a.m 100 ee. of 50% sorbitol injected intravenously 


8:55 a.m O29 3.0 13 0.21 2.3 12 
0:50 a.m 17 17 


Mr. F.B 


+ © indicates eubie millimeters per minute per millimeter He pressure; K, cubic millimeters per minute, 
and 1.0.P., millimeters Hg intraocular pressure 


outflow, however, the normal eyes showed some decrease, which was related to the 
decrease in tension and total rate of flow, followed by a subsequent rise in all three 
factors. In this respect, the normal eyes differed from the glaucomatous eyes, since 
the latter did not show changes in the facility of aqueous outflow following the 
sorbitol injection. 

Table 2 illustrates the typical response of normal eyes to the intravenous adminis- 
tration of sorbitol. The intraocular pressure dropped in both eyes within half an 
hour, and at the same time the total rate of aqueous outflow also decreased ; cor- 
responding to this there was a decrease in the facility of aqueous outflow. Approxi- 
mately two hours after the sorbitol administration the intraocular pressure was 
back to the preinjection level. 

In the previous communication, the effect of the water-drinking test on glau- 
comatous eyes was reported to show an increase in the intraocular pressure, cor- 
responding with an increase in the total rate of flow of aqueous following the 
ingestion of 1,000 cc. of water, while simultaneously the facility of aqueous outflow 
remained approximately the same. To study the effect of water ingestion on the 
normal eye as well, tonographic studies were performed on a group of normal sub- 
jects (25 eyes) both before and after the ingestion of 1,000 cc. of water. Figure 3 
demonstrates that there was very little change in the intraocular pressure following 
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the ingestion of water, the rise in tension being from 1 to4 mm. Hg. However, there 
was a simultaneous increase in the total rate of flow of aqueous and also an increase 
in the facility of aqueous outflow, as found by tonography. Table 3 shows a typical, 
normal patient’s response to this test; after 1,000 cc. of water was drunk, on an 
empty stomach, the intraocular pressure changed only minimally, whereas, at the 
same time, there was a considerable increase in the rate of flow of aqueous through 
the eyes, the values changing from 2.4 to 3.6 cu. mm. per minute in the right eye 
and from 2.8 to 4.1 cu. mm. per minute in the left eye. Corresponding to this, the 
facility of aqueous outflow also increased from 0.19 to 0.24 cu. mm. and from 0.20 
to 0.28 cu. mm. per minute per millimeter Hg pressure respectively. 

It was reported in the previous communication that eyes with chronic simple 
glaucoma without medication showed considerable changes in intraocular pressure 
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Fig. 3.—A, effect of water-drinking (1 liter of water in four minutes on fasting stomach) on 
the intraocular pressure in 25 normal eyes. Each vertical line represents the change in intra- 
ocular pressure from just before to 30 minutes after the test in an individual eye. 

B, effect of water-drinking test (1 liter of water in four minutes on fasting stomach) on the 
rate of flow of aqueous in 25 normal eyes. Each vertical line represents the change in the rate 
of flow of aqueous from just before to 30 minutes after the test in an individual eye. 

C, effect of water-drinking test (1 liter of water in four minutes on fasting stomach) on the 
facility of aqueous outflow in 25 normal eyes. Each vertical line represents the change in the 
facility of aqueous outflow from just before to 30 minutes after the test in an individual eye 


Taste 3.—Effect of Water-Drinking Test (1 Liter of Water on Fasting Stomach) on Facility of 
Aqueous Outflow, on Total Rate of Flow, and on the Intraocular Pressure 
in Normal Eyes 


ope 


Time ‘ k 
208 1,000 ce. of HeO taken by mouth in 4 min 
O24 3.6 7 0.28 
16 


"Mrs. H. M 
+ € indicates cuble millimeters per minute per milliliter Hg pressure; K. cubie millimeters per minute, 
and 1.0.P., millimeters Hg intraocular pressure. 
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during the course of the day, while the facility of aqueous outflow remained approx- 
imately the same. A detailed breakdown of results shows that of the 40 eyes with 
chronic simple glaucoma untreated and not operated on that were studied for spon- 


taneous diurnal changes, 22 showed significant variations in tension and in the rate of 


Tar_e 4.—Spontancous Diurnal Changes in Total Rate of Aqueous Outflow and in Intraocular 
Pressure in Twenty-Two Eyes with Chronic Simple Glaucoma That Had Not Been 
Operated on and Had Had No Medication for Thirty-Six Hours Prior 
to This Examination 


Pereent Change Change in 
in Kk * 


Averuge.... 17 mm. He 


* K signifies the total rate of flow of aqueous and is expressed in the percent change during the day 
between the highest and the lowest value 

+ 1.0.P. shows the intraocular pressure, in millimeters Hg, and signifies the difference between the highest 
and the lowest value during the day 


Taste 5.—Spontaneous Diurnal Variations in Facility of Aqueous Outflow, in Total Rate 

of Flow, and in Intraocular Pressure in a Patient with Chronic Simple, Open-Angle 
Glaucoma in Both Eyes, Not Operated on and Without Miotic Medication 

for Thirty-Six Hours Prior to This Test 


Time 
9:20 a 


2:10 p.m 0.07 19 $2 0.08 1.58 26 


5200 p.m 0.06 1.8 35 0.00 2.2 2s 


‘ * © indicates cubie millimeters per minute per millimeter Hg pressure; K, cuble millimeters per minute, and 
1.0.P., millimeters Hg (Schigtz). 


flow of aqueous during the course of the day. Table 4 demonstrates that this change 
in the total rate of flow varied from 31% to 105%, with an average of 61%, while at 
the same time the intraocular pressure change varied from 13 to 25 mm. of mercury, 
with an average of 17 mm. of mercury during the course of the day. 
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Table 5 illustrates a typical case, taken from the previous study, that of Mr. A. W., 
a patient with chronic simple glaucoma in both eyes that had not been operated on and 
had been without miotics for 36 hours prior to this test. The facility of outflow 
remained approximately unchanged in both eyes throughout the day. The other two 
factors, however, varied considerably ; as the intraocular pressure dropped, the rate 


of flow of aqueous decreased concurrently ; and, vice versa, as the ocular tension 


rose, the rate of flow increased simultaneously during the course of the day. 


COMMENT 


Several interesting observations can be obtained from the above-recorded tono- 
graphic results. Raising the osmotic pressure of blood by injecting sorbitol intra- 
venously resulted in a decreased rate of flow of aqueous, both in the normal and in 
the glaucomatous eyes. Concurrently, the intraocular pressure dropped, to a limited 
degree in normal eyes and somewhat more in eyes with chronic simple glaucoma. 
The facility of aqueous outflow also decreased in normal eyes, while it did not change 
in the glaucomatous eyes. Lowering the osmotic pressure of blood by the ingestion 
of water produced just the opposite effect. In this case, the rate of flow of aqueous 
and the ocular tension increased in both normal and glaucomatous eyes ; the facility 
of aqueous outflow increased only in the normal eyes, while in the glaucomatous eyes 
it remained unchanged. The increased pressure is negligible in the normal eye, while 
it is of considerable magnitude in the eye with chronic simple, open-angle glaucoma. 

It is evident that the variations in the osmotic pressure of blood affect the total 
rate of flow in both normal and glaucomatous eyes, as measured by tonography, the 
hypertonic solutions causing a decrease in the flow of aqueous and the hypotonic 
solutions resulting in an increase in the rate of flow. Furthermore, it becomes 
apparent that these variations are temporary ; their maximal effect lasts only half 
an hour to one hour, and by the end of the second or third hour the status of the 
intraocular pressure and that of aqueous humor dynamics are back to normal or 
pretest values again. As far as the resistance to the outflow of aqueous is concerned, 
however, there is considerable difference between the glaucomatous and the normal 
eye as measured by tonography. In eyes with chronic simple, open-angle type glau- 
coma, the facility of aqueous outflow does not seem to be markedly influenced by 
changes in osmotic pressure of the blood. In the normal eye, on the other hand, 
there is some change in the facility of aqueous outflow following these osmotic 
changes in the blood. Thus, the facility of aqueous outflow, which is a measure of 
resistance to the outflow, appears to be an elastic, changeable factor in normal eyes ; 
it can increase or decrease, depending upon the drainage load that is put upon the 
eye, 

The investigations of Duke-Elder,* Kinsey,® and Goldmann,'’ in the last few 
years, have indicated that the intraocular pressure is a factor of the resistance to the 
aqueous outflow and the toal rate of flow. This has been shown clinically by 
Grant's { tonography and by a combination of Goldmann’s '* fluorescein test and the 
measurement of the episcleral venous pressure and outflow pressure. Thus, it is not 


surprising that if the resistance to the outflow is impaired, and this impairment is of 


{ References 7 and 8. 
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a constant nature, the changes in the rate of flow of aqueous into the eye will have 
a considerable influence on the height of the intraocular pressure in that eye. The 
present investigation indicates that such appears to be the situation in eyes with 
chronic simple glaucoma not operated on and untreated. That is to say, the resist- 
ance to the outflow of aqueous as measured by tonography seems to be a fairly 
constant factor ; it is not influenced by diurnal changes in aqueous humor dynamics 
and is not affected by artificially induced changes in the osmotic pressure of the 
blood. However, these osmotic pressure variations in the blood will cause changes 
in the rate of flow of aqueous into the eye, which, in turn, will result in variations 
of the intraocular pressure. 

Reexamination of the results of the previous study showed that in eyes with 
chronic simple glaucoma when the spontaneous diurnal pressure variations were con- 
siderable, the rate of flow of aqueous also was changing significantly. Thus, there 
might be a relationship between these two factors in this type of primary glaucoma. 

The spontaneous changes in intraocular pressure that exist to a limited extent 
in normal eyes and that take place to a considerable degree in glaucomatous eyes 
have excited the imagination and interest of research workers for a considerable 
period of time. Various factors that might cause these diurnal changes in intraocular 
pressure have been considered and discussed. The early investigations upon this 
aspect of glaucoma research were extensively discussed by von Sallmann *° in 1930, 
who presented further evidence that changes in the tone of the extraocular muscles, 
that is, the movements of the eye during the day, have some bearing on these diurnal 
pressure variations. Since then, many other factors have been discussed and men 
tioned as a probable cause of the phasic variations in ocular tension, In recent years 
this problem was discussed by Duke-Elder *! in the 1951 Proctor Lecture, in which 
he advocated mainly a vascular factor as the causative agent in the diurnal pressure 
variations in glaucoma. 

It seems possible that several factors play a role; for instance, some people have 
advocated that the diurnal pressure changes in glaucoma are due to a redistribution 
of the blood following postural changes during the day and the night. Others have 
suggested that the movements of the pupil affect the intraocular pressure ; the action 
of light on the ocular capillaries also has been mentioned as a probable causative 
factor. The massage of the eye by muscular movements during the course of the day, 
as postulated by von Sallmann, has been considered ; the vascular factors have been 
well described by Duke-Elder. The present investigation suggests that osmotic 
changes of the blood might also play a part in these diurnal pressure variations in 
glaucoma, It appears that during the course of the day there are some spontaneous 
changes in the rate of flow of aqueous through the eye and that these variations in 
the rate of flow are concurrent with the tension changes. It was demonstrated, also, 
that various artificially induced changes in the osmotic pressure of the blood have, 
in turn, an effect on the rate of flow of aqueous through the eye. Therefore, there 
seems to be at least some circumstantial evidence to indicate that osmotic changes 
in the blood may play a part in these spontaneous diurnal pressure changes in glau- 
coma. Food and water intake, exercise, and loss of fluids through perspiration will 


cause periods of relative hemodilution and hemoconcentration throughout the day. 


Such diurnal changes in the osmotic pressure of the blood might be sufficient to 
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cause variations in the ocular tension. These results do not necessarily mean that 
the pressure changes are caused by the osmotic changes; they only imply that this 
might be the case. 

The findings in the present investigation concerning the effect of sorbitol differ 
somewhat from the previous results of Bellows.# He found the pressure drop to be 
effective only a few hours following the injection and according to his results, the 
pressure remained lowered for several hours, or even a day or more, following the 
administration of the hypertonic solution. According to the results of the present 
study, the peak pressure drop occurred within half an hour following the intravenous 
injection of sorbitol and the intraocular pressure was back to approximately preinjec- 
tion levels within two or three hours. The reports of other investigators employing 
sorbitol intravenously indicate that the maximum osmotic effect takes place rapidly 
alter the injection of this material. Schwartz and Elman,** for instance, studying the 
effect of sorbitol on the cerebrospinal fluid pressure and the urine output, demon- 
strated that in dogs the peak in diuresis and the pressure reduction occurred within 
one-half hour following the intravenous administration of this solution; within two 
hours the cerebrospinal fluid pressure and the rate of urine output were back to 
normal. West and Burget ** studied the effect of sorbitol on diuresis in the dog and 
noted marked action within 15 to 20 minutes following its intravenous injection. 
Wick and Drury,** employing C'*-labeled sorbitol injected intravenously into 
rabbits, demonstrated that sorbitol has approximately the same distribution space 
as dextrose; it diffuses into extracellular body fluids, i. e., approximately into 25% 
of body weight. They also showed that this diffusion of sorbitol into the extracellular 
loaly fluids is rapid, occurring within the first hour following the injection. 

The above-cited physiological studies indicate that sorbitol rapidly diffuses into 
the extracellular body fluids after intravenous injection and that, therefore, its 
osmotic effect is short-lived, It is also rapidly excreted by the kidneys, most of it 
being eliminated within the first few hours following injection. Therefore, theoret- 
ically, one would not expect the osmotic effect to remain for several hours following 
the injection, On the contrary, the osmotic response should be almost immediate, 
commencing within a few minutes and reaching a peak in approximately half an hour 
following injection, Furthermore, the osmotic effect on the flow of water in the eye 
is also expected to be a brief one, because Kinsey and associates ** demonstrated 
that water diffuses rapidly into and out of the eye. Thus, one would expect the 
osmotic effect of sorbitol following intravenous injection into man to be short-lived, 
reaching its peak in approximately half an hour and then subsiding within the next 
hour or two, The present investigation demonstrates that both in normal and in 
glaucomatous eyes the response on aqueous humor dynamics following the injection 
of this hypertonic agent was of short duration only. 

Therefore, from a practical point of view, the use of sorbitol is limited in the 
treatment of glaucoma. The marked pressure-reducing effect occurs relatively soon 
after the injection of this material, but it is short-lived, lasting only about an hour. 
In this investigation, sorbitol was used to study the mechanism of primary glaucoma : 


it is not considered to be a diagnostic or therapeutic procedure in glaucoma. 


# References 16 and 17. 
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SUMMARY 


Tonographic measurements indicated that variations in the osmotic pressure of 
blood affect the total rate of flow of aqueous in both normal and glaucomatous eyes, 


hypertonic solutions causing a decrease in flow, while hypotonic solutions result in 
an increase in flow. 

The facility of aqueous outflow of the glaucomatous eyes was not influenced 
appreciably by the osmotic pressure variations of the blood. In normal eyes, however, 
there was a noticeable change in the facility of aqueous outflow following these 
osmotic changes in the blood. 

Spontaneous diurnal pressure variations in eyes with chronic simple, open-angle 
glaucoma neither treated nor operated on seemed to be related to simultaneous 
changes in the rate of flow of the aqueous humor. 

635 W. 165th St. 


Sir Stewart Duke-Elder gave helpful advice in my work. 
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DIAGNOSTIC VALUE OF FOVEAL ENTOPTIC PHENOMENA 
IN GLAUCOMA 


INGEBORG SCHMIDT, M.D. 
BLOOMINGTON, IND. 


HE AIM of this investigation was to test the diagnostic value, in glaucoma, of 

two foveal entoptic phenomena, the Maxwell spot and the Haidinger brushes. 

Maxwell's spot, so named for James Clerk Maxwell (1856), was long considered 

to be produced by a local depression of the effective retinal illumination through 

the strong absorption of blue light in the macular pigment. Walls and Mathews," 

after reviewing and accepting earlier evidence given by other authors, came to the 

conclusion that it is caused by a local nonuniform distribution of the chromatic 

receptors in the fovea, the receptor-type distribution pattern (RDP). However, 

in the present report the name with the longer tradition has been retained and will 
be abbreviated MS herein. 

Little is known about the perceptibility of the MS in pathological cases. It was 
studied in color-defectives by Ahlenstiel.2) When looking toward the overcast sky 
(color temperature about 6500° K, the color defectives did not perceive the MS 
like color-normals but saw a lighter spot through a red filter and a darker spot 
through a crystal violet filter. Ahlensteil, with his method, established that more 
color-defectives than normals perceived the MS. Walls and Mathews, whose method 
was used also in the experiments reported below, found that all but one of 64 color- 
normal persons saw the MS, without exception describing it as being red in hue. 
Protanoids (protanomals and protanopes) perceived the MS as a local darkening 
of a pale blue background or as a blue spot. Most deuteranoids (deuteranomals and 
deuteranopes) saw no trace of the phenomenon. Two totally color-blind subjects 
did not perceive it. 

The entoptic phenomenon named for W. K. von Haidinger (1844) appears as 
a spindle subtending 4 to 5 degrees of arc. It is visible, owing to the absorption 
of polarized light in the doubly refracting, slightly yellowish substance of Henle’s 
fibers, which constitute a kind of radial analyzer in the fovea (von Tschermak- 


Seysenegg *). The testing of patients for Haidinger’s brushes was recently empha- 


sized by Goldschmidt.*. Among others, he mentions a patient with a unilateral 
glaucomatous atrophy of the optic nerve who saw the phenomenon with the affected 
eye. Goldschmidt supposes that the recognition of Haidinger’s brushes would be 
disturbed in glaucoma as soon as the papillomacular bundle is involved or there 
is a secondary degeneration of Henle’s layer or both. He emphasizes that involve- 
ment of the macula which has been overlooked in an ophthalmoscopic examination 
may be revealed by this test. According to Boehm,’ a protanope and a deuteranope 


The Knapp Memorial Foundation, Institute of Ophthalmology, Columbia University, New 
York, granted a stipend which made it possible to carry out these studies 
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perceived Haidinger’s brushes like normals; a tritanomal saw them slightly differ- 
ently from normals, and three totally color-blind persons with the macular pigmenta- 
tion nearly lacking did not perceive them. 


METHOD 


Vaxwell’s Spot—The MS was studied by essentially the method of Walls and Mathews 
in order to get comparable results. The examinee looked toward an extensive light source 
alternately through a purplish Wratten gelatin filter No. 2389 and through a Wratten neutral 
density filter (No. 96) of density 1.5, so that the light looked about equally bright through the 
two filters. The light source was similar to the viewing box used by Walls and Mathews, 
consisting of a 100-watt bulb in an aluminum reflector with a flashed opal glass 10 by 29 cm 
in front. The color temperature of this arrangement is near to that of CIE [luminant A; 


this is important to maintain, since the appearance of the MS is dependent upon the illuminant 
used. Both filters were mounted in a wooden frame and could be moved along a slide bar to 
the right and to the left in front of a black cardboard with an aperture of 2 cm. diameter. 


When one looks through the aperture and through the No. 2389 filter, an uncontoured spot 
of a vivid red color can be seen at once. The color becomes still more vivid during three to 
four seconds’ observation. In normals the MS is always described by a color designating a 
reddish hue: lighter or deeper red-purple, pink, or orchid; the background is called purple, 
lavender, orchid, violet, or blue. The spot is round or slightly oval, sometimes with radiate 
edges; some persons see an outer ring, separated from it by a lighter clearing. Many persons 
observe a small, lighter or darker central spot. 


After five seconds of observation the MS begins to fade. It disappears entirely after 15 
to 20 seconds. If now the purplish filter is replaced by the neutral filter, a greenish “after 
image” of the MS appears on a yellowish background. ‘his after-image, explained by Walls 
and Mathews as “the consequence of differential adaptation of the receptor types,” becomes 
visible without any noticeable latency period and does not show any periodicity. Its appearance 
depends on the conditions of observation. The after-image is optimal after a preliminary observ- 
ation of the primary image for 10 to 20 seconds. If the image is interrupted after a few seconds 
only by shifting to the neutral filter, the after-image is yellowish, pale, and hardly perceptible 
and fades very fast. Whereas on a low-luminance background the MS is seen with difficulty, 


the after-image is more striking, since it appears as a light, slightly bluish-green spot on a 
greenish-yellow background. If the filters are alternated with a frequency of about 2 per second, 
the MS becomes darker but more distinct in its details and does not fade; but when the alter 
nation is stopped, the MS or the after-image (if stopped on the neutral filter) disappears very 
soon. The visibility of the MS can be improved by blinking, which is a known means of pre- 
venting local adaptation. The MS appears most colorful at the first test. When the test is 
repeated after a short break, it does not develop so well. Physical fatigue or bad health is 
unfavorable for observing the MS. 


The patients were instructed precisely before the test in order to get a decisive answer 
from a first short observation. If the MS could not be seen on the first test, then, after a break, 


a second test was made by alternating filters continuously. A negative result on one eye was 
more reliable if the other eye perceived the phenomenon. 

The size of the MS was measured by placing successively Cellophane sheets, with black circles 
of different diameters and with a central point, in front of the viewing box. From a distance of 
1.5 meters, the patient chose the circle that fitted best the MS. During these measurements 
the filters were alternated frequently in order to avoid fading of the phenomenon. According to 
Walls and Mathews, a normal MS on the average subtends 3 degrees of arc; the central spot, 
degree of arc. 

The visibility of the MS is a function of the retinal illuminance. The testing of glaucoma 
patients was complicated by the fact that most of them had small pupils following pilocarpine 
treatment. An artificial aperture smaller than the natural pupil of any subject, glaucomatous 
or “control,” would have put all subjects on an equal footing with respect to the retinal 
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illuminance. But this kind of common denominator could not be applied, since most patients 
had difficulty in observing through small apertures. Therefore the patients observed through 
an aperture of 2 cm. diameter, and the luminance of the viewing box was adjusted to compen- 
sate for the small pupils of the glaucoma patients in order to bring the testing conditions into 
line with those used with normal, control subjects. 

The normal range of retinal illuminance for low, moderate, and good visibility of the MS 
was established on five persons whose color vision was normal according to the Nagel anomalo- 
scope (anomalous quotients 0.8 to 1.2; see below). The subjects looked through artificial 
pupils at three different luminances. The artificial pupils, of 0.5, 1.0, 1.5, and 2 mm. diameter, 
were positioned as near as possible to the eye of observer. When the subject was looking through 
the neutral filter, the luminance was made 17, 32, or 82 mL. either by approaching the bulb to 
the opal glass or by substituting an opal glass with a higher transparency. These procedures 
introduced unavoidable minor color temperature changes. The retinal illuminance correspond- 
ing to each luminance and each artificial pupil was calculated in trolands, using a formula 
modified by de Groot and Gebhardt ®: 


FE (troland) = 10r? B (1 — 0.0425 r? + 0.00067 r*) 


where r is the radius of the pupil and B the luminance of the adapting field, in millilamberts. 
The expression within the parentheses is the correction for the Stiles-Crawford effect (for 
white light). The ranges of visibility of the MS, which is actually observed through the purple 
filter, are then indicated in terms of the retinal illuminance when seen through the neutral 
density filter, which has about the same white-light transmission as the former. Thus, a com- 
plicated correction of the Stiles-Crawford effect for a purplish color was avoided, and the 
desired information still obtained. The average diameters of a natural pupil belonging to each 
of the three adaptation luminances were calculated from a formula by de Groot and Gebhardt 
and found equal to 3.4, 3.2, and 2.8 mm. These values set a limit for the use of larger artificial 
pupils. When the subject had evaluated the visibility of the MS with each pupil and each 
external luminance, and the corresponding retinal illuminances had all been calculated, it 
became possible to establish the following ranges of perceptibility of the MS in normals: 


Visibility of MS Trolands 
Low Up to about 20 
Moderate 20 to 80 
Good Above 80 


A low visibility was recorded if the MS was not seen at once. At a retinal illuminance of, 
e. g., 10 trolands the MS was not seen but the after-image was slightly visible. The MS, how- 
ever, appeared as soon as the two filters were alternated. Within the range of moderate 
visibility the MS was perceived as a dark-red spot, suggesting a smudge in the filter; the 
after-image was clearly recognizable. Alternating the filters improved the visibility of the 
MS markedly. In the zone of good visibility the MS was seen at once in its vivid red color. 
The range of good visibility obviously has an upper limit, since an increasing luminance 
deteriorates the discrimination of the MS. This limit, however, was not established. 

Since artificial pupils do not reproduce exactly the conditions of observing with a constricted 
natural pupil, tests were performed by instilling pilocarpine into the conjunctival sac of a 
normal eye: a test with one drop of 2% pilocarpine hydrochloride and a test with two drops 
of 2% pilocarpine hydrochloride in the left eye (Subject I. S., anomalous quotient 1.08). The 
results were recorded only when the pupils were rigid. The limits of ranges are of about the 
same magnitude with natural and with artificial pupils. In an area of 100 trolands and above 
there was good visibility of the MS in both conditions. Tests with 2% pilocarpine hydrochloride 
were not continued, however, because of vitreous opacities occurring as an after-effect in 
the subject's eye. 


The established ranges serve as a basis from which to obtain results comparable with those 


found in normals, by using sufficient “supernormal” retinal illuminance to compensate for a 
pilocarpinized pupil. Testing was done in the range of 200 to 400 trolands. 


585 


M. ARCHIVES OF OPHTHALMOLOGY 


Haidinger’s Brushes.—This phenomenon, herein abbreviated HBs, can be easily perceived 
when looking through a rotating polarization filter and a blue filter toward a bright light source, 
as suggested by Boehm® and as done by Goldschmidt* with a handy apparatus. The HBs 
remind one of a rotating propeller. In the present experiments a neutral, linearly polarizing 
filter was fastened on the outer ring of a miniature ball bearing. When looking through its axial 
aperture of 1.5 cm. diameter toward a viewing box with a ground glass in front of a 100-watt 
bulb, the examinee viewed through the polarization filter and through a blue filter (Schott-BG 
12, 2 mm. thick) fastened on the other side of this aperture. The polarization filter was turned 
by pushing the outer ring of the ball bearing. The optimal frequency was about 2 per second 
(a frequency as low as 5 per second markedly lessened the visibility of the HBs). The state- 
ment of the patient could be checked conveniently during the observation by changing the 
direction of the rotation. The visibility of the HBs depends on the retinal illuminance of the 
observer, among other factors. Two luminances were used: 4.0 and 6.7 mL. measured by a 
Macbeth Illuminometer when the examinee was viewing through both filters. A low visibility of 
HBs was found in five normals at 2.5 trolands, and a range of good visibility, between 4 and 
170 trolands.* With higher retinal illuminances the HBs becomes faintly visible. A normal pupil, 
narrowed by pilocarpine to a diameter of 1.2 mm., did not affect the perceptibility of the HBs 
at the two luminances used. Testing was done in the range of 25 to 129 trolands. Untrained 
persons have less difficulty in seeing the HBs than the MS, obviously because the HBs attract 
the attention by their rotation and by their brightness contrast. The HBs can be observed 


continuously, since local adaptation is avoided by changing the illumination of the retina in 
rotating the polarization filter. They disappear shortly, of course, after the rotation is stopped. 
This test was used as a pass-or-fail test, not requiring observation of details. 

Both phenomena are seen best on a level of medium bright adaptation of the eye. Therefore, 
the tests were performed in a laboratory with the ceiling lamp on. The patients faced a wall 
of about 4 mL. luminance. 

The reports of Ahlenstiel and of Walls and Mathews show that there is a relation between 
the visibility of the MS and color vision. Therefore, the color vision was tested in most patients, 
especially in those reporting peculiarities of the MS. It had to be considered also whether the 
effect of pilocarpine on color vision would affect the visibility of the MS, nearly all patients 
being on chronic pilocarpine medication. From a report of Kravkov,? we know that pilocarpine 
increases the sensitivity to orange-red and decreases that to green and blue. In order to investi- 
gate whether this effect, established by threshold measurements, can be detected also with the 
Nagel anomaloscope (exit pupil 0.6 mm. diameter), a normal person (I. S.) performed 10 
matches before and 10 after instillation of pilocarpine into the conjunctival sac of the left eye. 
One drop of 1% pilocarpine hydrochloride did not produce any effect on the Rayleigh equation 
(red + green yellow) after half an hour, but two drops of 2% pilocarpine lowered the 
average of 10 mixture readings from 42.1 to 36.6 after half an hour, a finding which may indicate 
a decrease of green sensitivity (or an increase of red sensitivity) of significant magnitude 
(although not large enough to remove the subject from the “normal” category). One hour 
after the instillation the average reading returned to its initial value of 42.1. Although this 
experiment was very successful, not everyone would wish to repeat it, since, besides the nar 


rowing of the pupil to a diameter of 1.2 mm. as an after-effect, there appeared a very unpleasant, 
long-lasting vitreous discontinuity. Therefore no more pilocarpine tests were performed. 
Since fields for colors were not determined (this being too wearisome a procedure for the 
patients), they could only be deduced from those for white objects. Color isopters in many 
glaucoma patients remain parallel to the white fields, if constricted, contrary to the findings with 
primary optic atrophy, but in some glaucoma patients they are disproportionately narrower 
(Lauber *). As shown by Ferree, Rand, and Sloan,® normal pupils narrowed by pilocarpine do 
not affect field limits for white markedly, but contract the color fields for red and blue. These . 
authors found two persons whose limits for red were widened by pilocarpine, whereas those 
for blue were narrowed, which results agree with those of Kravkov mentioned above. As follows 
from the preceding, it is a vague procedure to deduce color fields from fields for white objects. 
However, it might be safe to conclude from a visible MS that the color fields for a red target 
must be larger than 3 degrees of arc 


* The Stiles-Crawford effect was not considered. 
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It would have been desirable further to test the macular pigmentation on these patients. 
This could not be done for lack of an appropriate simple subjective method, and also because 
observation of the fundus in red-free light would have required an enlargement of the pupils. 

All subjects were glaucoma patients cf the Institute of Ophthalmology of the Presbyterian 
Hospital. Most of them were studied during the course of their treatment. 


RESULTS 
Many patients had difficulty in seeing the MS in a first test, since they were 
not trained in observing optical phenomena. Some evidently suppressed the per- 
ception and/or report of a spot, fearing it to be an unfavorable symptom of their 
disease. Therefore, if deviations were found, a second test was performed. 
A. Foveal Entoptic Phenomena Perceived—The MS was seen by 45 patients, 
with the following distribution : 
No. 
Clinical diagnosis suspect, among them some with no evidence of glaucoma 9 
Secondary glaucoma suspected 
Secondary glaucoma 
Secondary glaucoma O.D., chronic narrow-angle glaucoma O.S. 
Early simple glaucoma 
Chronic simple glaucoma 
Chronic narrow-angle glaucoma (including 5 of Table 2) 
Chronic wide-angle glaucoma O.D., chronic narrow-angle glaucoma O.S. 
Acute congestive narrow-angle glaucoma 


Chronic congestive narrow-angle glaucoma 


Sixteen of these patients with different forms of glaucoma were tested with 
Hs and could perceive them. The results with five patients of this group show 
ing some peculiarities are given in Table 1. 

The investigations on the group of 45 patients suggest the following conclusions : 

1. The MS and the HBs can be seen by patients with different forms of glau- 
coma, as well as by patients with no evidence of glaucoma. 

2. Their visibility is independent of visual acuity to a large degree: A _ patient 
with a visual acuity of 20/200 (with correction) and an aphakic patient without 
correction could perceive them. 

3. Some of the patients had marked constriction of fields. However, the fixation 
points were free. It is remarkable that Patients 4 and 5 of Table 1 perceived the MS, 
although their whole residual fields were as small as an MS often is. That such 
patients perceive the HBs may be less astonishing, since it is imaginable that the 
rotation is visible if there is only an island of the doubly refracting substance left. 


4. About one-half the patients had normal fundi; the other half showed diverse 


grades of affection—beginning cupping of discs, especially on the upper margin, or 


beginning atrophy. Case 5 of Table 1 is an exception, showing deep cupping. 
5. Most patients of this group had normal color vision. Some persons were 
suspected of a beginning color vision defect (passing one test but failing another). 
It has to be taken into consideration that the results on testing color vision of 
patients might be affected not only by therapy but also by factors not primarily 
affecting the color apparatus, namely, (a) lack of training, (>) decreased trans- 
parency and increased yellowishness of the lens, (¢) low visual acuity, due to a 
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pathological process or to therapy affecting refraction, and (d) narrow pupils, 
causing reduced retinal illumination (and perhaps chromatic diffraction phenomena ). 
The last factor is particularly important. 


In the parafovea, the upper limit of the Purkinje phenomenon is found on a 
retinal illuminance of 40 to 50 trolands. It is obvious that such a condition would 
affect the result on color plate tests. The effect of luminance on the perceptibility of 
chromatic differences was studied recently by Brown.'” Down to about 1.08 mL. 
(corresponding to 50 trolands) it remained constant. At lower luminances, color 


discrimination became poor ; a normal observer appeared tritanomalous. The retinal 


Taste 1.—Glaucoma Patients Perceiving Entoptic Phenomena 


No 2 3 4 5 
Name . > Mrs. 8 Mr. H Mrs. Mr. F Mrs. San 
Age, yr 65 67 76 4s 
Form of glaucoma . Chronie Chronic Chronie simple Chronie Chronie 
narrow-angle simple simple simple 
Pupil diameter, mm 2.5, op. 1, rigid 1.5, rigid 1.5, rigid 1, op 1.5, rigid 
Visual acuity 20/25—2 20/40--1 20200) 20 200 400 20/42 
Fundus; dises No cupping Obviously Normal Normal Not seen Deep cup- 
normal ping: arterio 


sclerosis 


) 22 | | 1 2 
Central flelds, in | nasal 
degrees \ temporal Is 8 
10-ft.-e.) superior 17 4 2 

) inferior...... 22 23 25 22 ‘ 2 
White object, mm./distance, mm 2 1000 2 1000 5/1000 » 1000 21000 5, 1000 
Ishihara plates, total no. failed 1 12 7 13 4 2% 
IHumination 1.8.3 110 2-10 2, 3, 5, 6 
{ ft. 2 1-7 1-3, 5, 6 14,8 1-7, 10, 13 
) Is Is 15-18 15, 17 
Anomalous 
quotient........... 1.8 11S 0.89 
ote Matching range, 
low units....... 0.079 0.154 
Bausch & Lomb anomaloscope, 

range 2 red-4 green 1 red-2 green 3 red-3 green 
Maxwell's spot 

Primary image ‘ Light red Light red Red Red Pink Red 

Background =. Reddish Purple Cerise Cerise Violet Purple 

After-image . - . Greenish Green Light Light Greenish (ireen 

Background .. White Yellow Yellow Yellow Yellow Yellow 
Haidinger'’s brushes ++ + + + + + 


* Fields on the temporal side of the blind spot are not considered, being of no interest for the topic of 
this report 


t+ means seen 


illuminance produced by charts illuminated by the customary 30 ft.-c. on a patient 
with a pupil of 1 mm. diameter would be reduced to 36 trolands (assuming an 

average reflectance of plates of 0.45, and, therefore, a luminance of 14.6 mL.). This : 
value is far below the minimum required in routine plate testing (20 ft.-c., corre- 
sponding to 250 trolands) and is also below the limit of the Purkinje phenomenon, 
mentioned above, and the critical value found by Brown for a safe color discrimi- 
nation, 

Since it is difficult to eliminate all secondary factors to establish how much of 
any apparent abnormality is actually due to a deterioration of color vision, the 
diagnosis of an acquired color vision defect in glaucoma patients should be made 
with caution, 
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The color vision of the patients was examined with several tests, with the 
instructions carefully followed. Of 36 patients tested with Ishihara plates (ninth 
edition), 21 plates being used, 9 persons failed, if & plates (40%) or more plates 
misread means failed, misinterpreting, respectively, 8, 10, 11, 12 (3 persons), 
13, and 20 (2 persons) plates. The missed plates were not numerous with the 
exception of those of the two last persons. One of these two was aphakic, with a 
visual acuity of 20/50 with correction; the other was Patient 5 of Table 1, Mrs. 
San., who was an exception in several respects. She named the colors of single dots 
correctly but was not able to combine them into digits (field constriction| ?]). The 
mistakes made by the patients on the Ishihara charts were different from those made 
by persons with congenital color deficiencies, since the “concealed” digits were no 
better recognized than the ordinary numbers. The mistakes mostly pertained to 
charts with low chromas. Patient 3 of Table 1 saw the numbers of deuteranoids 
better than those of protanoids. The other patients could not be classified as to 
type in terms of the regular classes of red-green defectives. 

A few persons were tested with the Hardy-Rand-Rittler charts, which are in 
an experimental stage but already have proved to be very useful (Schmidt ''). They 
contain three demonstration plates, a screening series (Nos. 1 to 5), and several 
series for classification, arranged in gradually increasing saturation: Plates 6 to 10 
indicate a mild, Plates 10 to 12 a medium, and Plates 13 and 14 a strong red- 
green defect; Plates 15 and 16 indicate a medium and Plates 17 and 18 a strong 
blue-yellow defect. Moreover, they enable a classification of the type. The results 
of those persons making numerous mistakes are shown in Table 1. Except for 
Patient 5, none failed plates of the groups indicating strong red-green defect. None 
could be classified as to type. The five persons of Table 1 apparently have a 
strong blue-yellow defect. However, two of them failed only the last plate (No. 18), 
which might be a failure of the plate rather than a failure of the patient. Doubling 
the illumination improved the score of Patients 1 and 2 markedly. 

Patients 1 to 4 were tested with the Stilling plates Nos. 32 to 35 (20th edition ), 
designed to detect blue-yellow defects, and failed them. On the Farnsworth Dichot- 
omous test Patients 1 and 3 made displacements typical of a tritan, while Patient 
5 passed the test three times. This test does not demand any skill in integration. 

The red-green vision was further checked ¢ by the Nagel anomaloscope, which 
has an exit pupil of 0.6 mm. diameter and therefore allows testing of pilocarpinized 
subjects and normal controls under conditions of equal retinal illuminance. The test 
field has a size of 2 degrees 10 minutes. The subject's performance can be indicated 
directly in scale units of the dial for the red-green mixture, but can be determined 
better by computing an anomalous quotient obtained by dividing the ratio of green 
to red required by the subject by the ratio of yreen to red for the average normal 
subject. The normal range of these quotients is 0.6 to 1.5. A low quotient signifies 
that more red is required, a high quotient that more green is required, in the mix- 
ture. The range of quotients in protanomalous subjects is 0.01 to 0.4; that of 
deuteranomalous subjects is 2.0 up to about 10.0. An enlarged range of acceptable 
mixtures indicates color deficiency, even if the average match is normal. Such a 
defect is called color amblyopia if an abnormal enlargement remains after neutral 


+ No spectral apparatus for testing blue-yellow vision was available. 
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adaptation, color asthenopia if it disappears after neutral adaptation. If the two 
extreme mixtures which a subject is able to accept are designated by the logarithms 
of anomalous quotients, the individual matching range can be computed from the 
difference of the quotients in log units. A normal range does not extend more 
than 0.245 log unit. An enlarged range of readings for the yellow stimulus, 
matching the red-green mixture, indicates poor intensity discrimination. Since 
most patients had difficulty in handling the anomaloscope, the experimenter set the 
dials herself. 


Patients of this group were normal on the Nagel anomaloscope (insofar as 
they could be tested with it) even if they failed chart tests (Table 1). The man 
with the aphakia who failed 20 Ishihara plates had difficulty centering his eye at 
the anomaloscope, He named correctly 48 chips of Ostwald colored paper (24 hues, 
each presented in two different value-chroma combinations). Two patients, 3 and 
4 of Table 1, were not able to find the aperture of the Nagel anomaloscope and were 


tested on the Bausch & Lomb anomaloscope.'* In this apparatus the color stimuli are 
produced by filters and the field is observed with a free pupil. The normal range 


is about one red to one green. The averages for both persons were normal. Con- 
sidering their narrow pupils, their matching ranges may also be normal. 

It is difficult to decide whether the five persons of Table 1 have normal color 
vision or not. If we apply the rule that color vision should be called normal if a 
majority of tests are “normal” (and consider the secondary factors which may 
cause deterioration of the scores), then Patient 1 has normal color vision, but a 


rather high anomalous quotient, characterizing her as a borderline case. Patient 2 
has normal color vision, Patient 3 may have a mild color amblyopia of the right 
eye; the left eye is probably normal. Patient 4 may have a mild color amblyopia 
and a blue-yellow defect. It is amazing that he passed the Ishihara charts. Patient 
5 is normal on the Nagel anomaloscope and on the Farnsworth Dichotomous test, 
but for some reason (field defects or inability to integrate pattern [?]) she shows 
a red-green and also a blue-yellow defect on chart tests. 


B. Modifications of Maxwell's Spot.—Some modifications of the MS concern 
ing size, color, or visibility of image or after-image were reported. 

Modification of Size: A patient with chronic simple glaucoma (Mrs. R., No. 1, 
Table 2) reported for her left eve a MS of 35 minutes of arc. The HBs were 
perceived. The disc in the left eye had a less extensive glaucomatous cupping than 
that in the right. With the right eye the MS and HBs could not be seen. The 
color vision of the left eye was normal; the anomalous quotient was 0.9. The 
value of 35 minutes suggests that the patient observed a MS consisting only of 
the central spot. Walls and Mathews f report a similar case, that of a man who 
saw the MS reduced to the central spot alone. His average match was shifted 
1 to 2 scale units toward the red from the perfectly normal on the anomaloscope, 
which result agrees with that on Mrs. R. 

Modification of Color: A patient of the first group, Mrs. Von K., aged 68, with 
chronic narrow-angle glaucoma, repeatedly reported a smaller and less intense MS 
on a bluer background for her left eye than for her right eye. There was no measur- 
able difference, however, each MS subtending 2 degrees. 


The quotients on the 


t Walls and Mathews,' p. 120. 
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Nagel anomaloscope were O.D. 1.0 and O.S. 0.84, confirming her subjective impres- 
sion of a lower red sensitivity in her left eye. The right eye was on chronic treat- 
ment with pilocarpine (increasing its red sensitivity [?]); the left eye was not. 

The observation of a normal person, I. S., her right eye having a quotient of 
0.92, as compared with her left eye (quotient 1,08), supported the statement ot 
Mrs. Von K. 

Another patient, Mr. S., aged 64, with chronic glaucoma simplex, reported for 
each eye a dark MS, which was definitely not redder than the purple background. 
Through the neutral filter he saw a light cloud, which was definitely not greenish. 
Both phenomena were fast fading and were difficult to observe. The patient who 
used 2% pilocarpine twice a day in both eyes and was on chronic methantheline- 
( Banthine )-ephedrine therapy, had normal discs, except for conus myopicus, and 
did not show any other remarkable symptoms. The HBs were perceived with both 
eyes. The color vision was normal according to plate tests. On the Nagel anomalo- 
scope he had low anomalous quotients: O.D., 0.66; O.S., 0.64, characterizing him 
as a borderline normal on the protanomalous side. It cannot be said whether this 
shift was congenital or was acquired through therapy or disease, 

The cases reported are interesting in that already small variations of color 
sensitivity find a response in the appearance of the MS. 

Two persons had elevated quotients on the Nagel anomaloscope, characterizing 
them as on the borderline of deuteranomaly. Patient 2 of Table 1 had quotients 
1.8 O.D. and 1.45 O.S. She called the MS for her right eye a light red dot on 
a reddish background. Mrs. C., with a quotient of 1.75 for her right eye, did not 
observe any peculiarities of the MS. Both persons were on chronic pilocarpine 
(2%) treatment, three to four times a day. It is impossible to say whether the low 
green sensitivity was congenital or acquired by the therapy. Walls and Mathews § 
mention a person with a deuteranomalous setting on a filter anomaloscope who 
passed chart tests and observed a normal MS. 

Deterioration of Visibility: Mr. D., 80, had chronic simple glaucoma. His right 
eye was amblyopic. For his left eye he reported a MS seen as a shadow or a dark 
ring on a blue background, in the after-image (senile macular affection | ?|) a deeper 
color on a yellow background. The IH1Bs were not perceived. Other symptoms : 
Pupil 2 mm., slightly active. Visual acuity 20/200 with correction. lens, senile 
sclerosis. Disc, large cup, not very deep. Fields: nasal, 13 degrees; temporal, 17 
degrees ; superior, 7 degrees; inferior, 18 degrees (object 2/1000; 10 ft.-c.). Color 
vision: Ishihara test, 20 plates failed ;, Hardy-Rand-Rittler charts, under 60 ft.-c., 
Nos. 2, 5, 6, 12, failed. Farnsworth Dichotomous test, under 30 ft.-c., passed 
Nagel anomaloscope: anomalous quotient 1.14; matching range 0.372 log unit 
Diagnosis: defective red-green color vision; color amblyopia. In this case a 
deterioration of the visibility of the MS was found parallel with a deterioration ot 
hue discrimination in the green-yellow-red spectral region. 


In some cases the primary images were lacking but the after-images were per 
ceived, a phenomenon which was mostly a result of insufficient retinal illuminance, 
and which was eliminated in retests (but not in the following case ). 

(ne case deserves special attention, that of Mrs. B., aged 67. She had chronic 
simple glaucoma and a series of other diseases, namely, anemia, cancer, rheumatoid 


§ Walls and Mathews,' p. 146 
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arthritis, and mild diabetes. She had difficulty in seeing the image with her right 
eye, whereas the after-image was visible. On a second test, two months later, there 
was no trace of the MS, beyond a slight shadow seen with alternating filters. With 
her left eye she saw the MS normally on a first test. Cn the second occasion only 
the after-image was visible. The HBs, tested on the second date only, were not 
seen with the right eye but were perceived with the left. 

Other Symptoms: ©. D.: pupil 2 mni.; visual acuity 20/60 without correction. 
Fundus: macular pigmentation in ©.D. paler than in ©.S. Dise: suspected of begin- 
ning cupping. Fields: nasal, 20 degrees ; temporal, 11 degrees; superior, 13 degrees ; 
inferior, 22 degrees (2/1000 object; 10 ft.-c.). Color Vision: Ishihara test, 18 
plates failed; patient classified as a protanoid. Hardy-Rand-Rittler charts: Nos. 
1-8, 11-16, 18 failed; type not identified. Bausch & Lomb anomaloscope: range, 
4 red to 5 green; range tends to enlarge during observation. Diagnosis: color 
amblyopia. 

().S.: pupil 2 mm. ; visual acuity 20/20. Fundus: pale macular pigmentation, but 
not as much as in ©.D. (courtesy, Dr. R. L. Pfeiffer), Disc: beginning cup, no 
difference from ©.D. Fields: nasal, 18 degrees; temporal, 9 degrees; superior, 12 
degrees ; inferior, 13 degrees. Color vision: Ishihara test, 16 plates failed. Hardy- 
Rand-Rittler charts: Nos. 1, 2, 15, 16, 18 failed. Nagel anomaloscope : anomalous 
quotient 1.1 ; matching range 0.192 log unit. Color vision therefore defective accord- 
ing to chart tests, but “ Nagel-normal.” 

The remarkable result in this case is that the eye with the stronger color vision 
defect and with the slighter macular pigmentation did not perceive MS and HBs. 

Some persons reported difficulty in seeing the after-image. That easily occurred 
if the MS was not observed long enough. It would be of interest to follow up this 
question more thoroughly in future tests, since after-image from colored objects 
can be lacking in advanced cases of glaucoma, as shown by Bock.'* 

C. Foveal Entoptic Phenomena Not Perceived.—lf patients with absolute 
central scotomas are not counted, only six were unable to perceive the MS. The 
results on five of them, who could be investigated carefully, are shown in Table 2. 
All six patients were in an advanced stage of the disease, with marked field con- 
strictions (Patient 5, O.S., to the fixation point), and all had defective color vision, 
in the eye with the MS lacking. According to chart tests, they should be called 
totally color-blind. Even the demonstration plates were hardly recognized, or 
were not recognized. On the Farnsworth Dichotomous test Patient 3 made dis- 
placements typical of red-green deficiency, while Patients 2 and 4 made tritanopic 
displacements. The Nagel test could be performed on only two patients, Nos. 2 
and 4. The result was color amblyopia. The fundi of the six patients showed discs 
with marked glaucomatous cupping. It is of interest that Patient 1, with the eye 
having the less extensive cupping, perceived the MS and HBs. With the exception 
of the right eye of Patient 3, the eyes not perceiving the MS could not see the 
HBs. Patient 3, with her right eye almost totally color-blind and with nothing 
pathological in its fundus, perceived the HBs but not the MS. The visibility of 
the HBs is obviously independent of color vision, a suggestion which was confirmed 
by observations on a number of persons with congenital color vision defects (one 
protanope, two deuteranopes, and four deuteranomals ), who all perceived the HBs. 
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COMMEN1 
The Maxwell spot and the Haidinger brushes disappear in an advanced stage of 
glaucoma only, in agreement with the fact that foveal functions are not impaired, 
or are scarcely impaired, until late in this disease. 

The MS is a sensitive indicator of foveal color vision. If foveal color vision is 
normal and if central color fields are free in an area somewhat larger than its size, 
the MS can be perceived. From testing experience it can be concluded that every- 
one passing the Ishihara test can perceive the MS. If the hypothesis is correct that 
a MS is not seen if color fields are too narrow to allow it to be distinguished from 
its surround, it can be added that almost anyone who is “Nagel-normal” sees the 
MS, even if he fails chart tests. Individual variations of color sensitivity within 
the normal range were found, together with individually different appearances of 
the MS. A moderate decrease of the hue discrimination in the red-yellow-green 
spectral region affects the visibility of the MS to such a degree that it can become 
undistinguishable. It is not certain whether the blue-sensitive apparatus plays a 
role in the visibility of the MS, despite the fact that almost all persons not perceiv- 
ing the MS had not only defective red-green vision, but also defective blue-yellow 
vision. 

The HBs do not show a dependence on color vision, since they are perceived 
by persons with acquired and with congenital color deficiencies. Color-defective 
persons who do not perceive the HBs have at the same time visible fundus defects. 

Most glaucoma patients who did not perceive foveal entoptic phenomena had 
extensive glaucomatous excavation of their discs. Obviously, the perception of foveal 
entoptic phenomena is preserved as long as the atrophy by pressure does not affect 
the papillomacular bundle (provided there is not a primary local process in the 
macula). The mechanism causing a disappearance of these phenomena may consist 
in a dysfunction or an interruption of the conducting sensory path in the optic 
nerve. Another possibility is a malproduction by secondary trophic lesions of the 
primary substances causing the phenomena, in the case of the MS the macula pig- 
ment (if this is its primary cause), in the case of the HBs the doubly refracting 
substance in Henle’s layer. 

The close relation between the visibility of the MS and the red-green aspect of 
color vision sustains the assumption that its lack can be associated with a defect in 
any level of the receptive or conducting system involved in the color vision process 
In the case of Patient 3 (Table 2), with the MS lacking and with no fundus defects, 
a process in the conducting path or in the higher centers is very probable, since the 
patient has late latent syphilis with cerebral symptoms. 

A disappearance of the HBs is obviously a symptom of a local primary or 
secondary macular process. At least in the glaucoma patients it was lacking only 
when there was a visible affection of the disc or of the macula. 

It is of further interest to follow up whether the reported observations give a 


hint to the etiology of the MS. From the relation between the visibility of the 


1S 
and the color vision it is not possible to deduce whether the color-sensitive apparatus 
is primarily involved or is only mediating the visibility of the MS. The result on 
Mrs. B., with the MS not perceived in the eye with the paler macular pigmentation, 
speaks in favor of the pigment deficiency etiology of the MS. The fact that a dark- 
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red MS is observed with the eye having the lower red sensitivity can be interpreted 
in favor of either hypothesis. According to the concept valid until now, individual 
differences of color sensitivity within the range of normal red-green color vision 
(and also within each type of red-green color deficiency) are caused by differences 
in macular pigmentation. A decreased pigmentation would work like the removing 
of a yellowish filter from in front of the eye, allowing the fovea to be stimulated by 
more blue light from the purple filter, or by more green from the mixture field in 
the Nagel anomaloscope, and requiring more red to be added to the mixture to 
restore a match with the yellow. It is to be recalled that a case of Wieland ™* sup- 
ports this idea: His patient had a very low macular pigment and showed on the 
Nagel anomaloscope an enlargement of the matching range toward the protanoma- 
lous side, which, when calculated as anomalous quotients, gave for O.D. 0.81 to 
0.59 and for O.S. 1.1 to 0.46. However, it is conceivable also that the reported 
differences are caused by differences in the individual receptor-type distributor pat- 
tern. A less red and more purplish MS in one eye can be perceived if there are fewer 
redness receptors in the fovea and more blueness and greenness receptors than in 
the other eye. 

The case with the MS together with a strong color vision defect and without a 
fundus affection does not allow of any conclusion. The MS may still be produced 
by the macular absorption but caused not to be perceived by a color vision defect 
from an affection of higher centers. A MS lacking simultaneously with the HBs 
indicates only that a local process in the eye is involved also, Conclusive evidence in 
favor of the Walls and Mathews hypothesis could be brought by persons perceiving 
the MS witha normal color vision and an extreme macular pigment deficiency. Such 
persons possibly could be found among albinos, who at the time of these experiments 
were not available. 

A last question to be discussed is whether testing of entoptic phenomena is 
meaningful in glaucoma patients. These tests do not support an early recognition 
of the disease, but they complete, without doubt, the clinical picture, since the per- 
ception of entoptic phenomena is a positive index of foveal vision. They can give 
useful information where it is difficult to observe the fundus because of lack of 
transparency or inability to enlarge the pupils. If the MS is seen, foveal color 
vision is normal (or only slightly affected) ; therefore a testing for the MS can 
replace a color vision test, e. g., if a patient cannot be tested on the Nagel anomalo- 
scope. A MS seen allows the conclusion that the central color fields are larger than 
3 degrees. Presence of HBs signifies that the macular substance is not affected. 


SUMMARY 


The visibility of the Maxwell spot (MS) and of the Haidinger brushes (HBs) 
requires a certain amount of retinal illuminance. The normal range of the retinal 
illuminance for their visibility was established in order to test the patients on an 
even footing with normals, by adjusting the luminance of the light source to the 
pupils of the patients. Since it is known that congenital color deficiency affects 
visibility of the MS, the color vision of the patients was tested also. The results on 
color vision tests, if they are applied according to instructions, can be used only 
with caution, since the scores can be deteriorated by factors other than color vision, 
some of these being difficult to eliminate. \ narrow pupil in some cases can be 
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blamed for an “apparent” blue-yellow defect established by chart tests. The Nagel 
anomaloscope allows the testing of all subjects at a constant retinal illuminance 
because of its small exit pupil. However, many elderly patients have difficulties in 
using this apparatus. 

Forty-five of the 51 glaucoma patients with different degrees of the disease 
(some of them being only suspected of having glaucoma) perceived a normal MS, 
and those of this group investigated for HBs perceived these also. Therefore, 
these tests are not adapted .or an early detection of this disease. Modifications 
observed on the MS are given in detail. They are apparently not specific for glau- 
coma, Only six patients who were with at least one eye in an advanced stage of the 
disease could not perceive the entoptic phenomena with this eye. 

Most persons perceiving MS had normal dises; several showed a beginning 
cupping and atrophy. As a rule, those patients not perceiving MS had an extensive 
glaucomatous excavation of discs. Persons who see the MS pass the Nagel anom- 
aloscope but do not necessarily pass the chart tests or other tests with pigment 
colors. Persons not seeing the MS fail tests with spectral colors and with pigment 
colors. An exception to this rule may be constituted by persons whose central color 
fields are smaller than would permit a perception of a separate MS but large enough 
to be tested on the Nagel anomaloscope. The acquired color vision defect which 
accompanies a lack of the MS is a low hue discrimination, showing on the Nagel 
anomaloscope as an enlargement of the matching range of mixtures. 

The results on glaucoma patients suggest that the MS disappears not only on a 
visible fundus affection but also on a disturbance in a higher level of the nervous sys- 
tem involved in the color vision process. The observations on glaucoma patients can- 
not be employed to support either of the hypotheses concerning the etiology of the 
Maxwell spot. 

The HBs are not dependent on color vision, since they can be seen by persons 
with acquired and congenital color deficiencies. Their disappearance is apparently 
linked with a primary or secondary affection of the macula. 

Testing entoptic phenomena in glaucoma patients may be valuable in cases in 
which the fundus cannot be seen. Testing of the MS can be a substitute for testing 
foveal color vision. The advantage of the entoptic tests is their independence of 
refraction, of visual acuity, and of fixation (if measurement of size is not required ) ; 
their short duration, and their simplicity of application. 

Dr. W. S. Knighton gave me permission to carry out these tests on the patients of the 


Glaucoma Department of the Institute of Ophthalmology and allowed me to consult the hospital 
records of the patients. 
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Registry of Interesting Cases 


It is the purpose of this section to record cases on the basis of interest only. No complete 
review of the literature is attempted and no claim for priority is implied except when specifically 
stated. Publication of case reports is subject to the concurrence of the Editorial Board on the 
imteresting aspects of the case. It is requested that the reports submitted be as brief as is con- 
sistent with inclusion of the pertinent facts, bear a title that is as specific as possible, be prefaced 
by a paragraph that states why the author feels the case is of interest and be accompanied with 
photographs whenever possible. 


PLEXIFORM NEUROFIBROMA OF ORBIT AND LID WITH DEFECTS IN WALLS 
OF ORBIT AND INVOLVEMENT OF CENTRAL NERVOUS SYSTEM 


LEXIFORM neurofibroma of the orbit and lid with defects in the walls of 
the orbit and involvement of the central nervous system is a rare manifestation 
of von Recklinghausen’s disease. 
Peyton and Simmons,' in 1946, were able to collect 20 cases from the literature 
and presented 5 of their own. 


REPORT OF CASE 


H. M. R., an Arab boy 15 years old, was admitted to the Department of Ophthalmology 
of the American University of Beirut, in January, 1953, cn account of a deformity of the left 
upper lid. The condition was congenital, noticed a few days after birth. The left 


upper lid 
gradually increased in size and became ptotic, covering the left eyeball completely (Fig. 1) 
There was no history of inflammatory attacks. The patient had not consulted any physician 


previously. He had no other complaints. His general health had always been very good. 


Family History.—His parents are living and well. Two brothers and five sisters are all 
in good health. None has a similar deformity or any birthmarks 


have internal strabismus 


One brother and one sister 


Physical Examination.—The patient appeared younger than his stated age and slightly under 
nourished, but was clear-minded and intelligent 


The parietal bosses were prominent, the left more than the right. The left eyelid was 
markedly hypertrophied, pendulous, and pigmented. This hypertrophy extended upward and 
outward beyond the orbital margin, involving the temporomaxillary region. The patient was 
unable to raise his left eyelid. The tumor was soft. Vermicular cords could be felt on pres- 
sure. When the eyelid was raised, the eyeball appeared to have normal size but was pushed 


downward and forward, with a marked inward deviation. No pulsations could be seen or felt 


The cornea was clear. The pupil was of normal size, and it reacted to light and in accommo 
dation. It dilated easily with homatropine. Ophthalmoscopic examination revealed clear media 
and a large pale, oval optic dise with deep physiological cupping. The rest of the fundus was 
normal. Tension was normal. Vision was counting fingers at 1 meter. 


The right eye was normal; vision 20/20 


The general physical examination revealed numerous café au lait patches and spots all over 
the body. There were no cutaneous nodules. No other physical abnormality was found (Fig. 2). 


Neurological examination was essentially negative. Perimetric examination showed a slight 
constriction of the left field of vision. The right field was normal 


From the Department of Ophthalmology and Otolaryngology, American University of 
Beirut, Lebanon 
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Roentgen-ray examination revealed a marked enlargement of the left orbit, with extensive 
destruction of the roof and posterior walls. The left maxillary sinus was compressed and hazy 
The sella turcica was greatly widened, and the apex of the left petrous bone was partially 
destroyed, showing definite notching. There was no evidence of increased intracranial pressure 
X-rays of the long bones showed no abnormality (Fig. 3). 

A clinical diagnosis of neurofibroma of the left upper lid and orbit with intracranial involve 
ment was made. 

On Jan. 30, 1953, the patient was put under general ether anesthesia. A curved skin inci 
sion parallel to the lid margin and 2 cm. above it was made. Deep to the skin, strands ot 
atrophic muscle tissue were seen and retracted. A white, soft tumor mass came into view 
Further dissection revealed that the tumor had infiltrated the whole thickness of the upper eye 
lid and extended upward and outward beyond the orbital rim into the temporal region, A large 


Fig. 1.—Pigmentation and marked hypertrophy of the left upper eyelid. 
Fig. 2.—Picture taken five months postoperatively. Note the café au lait spots and patches 
over the trunk and extremities. 


mass could also be felt above and behind the eyeball. The tumor within the eyelid was care- 


fully dissected from the skin and conjunctiva. No definite line of demarcation being present, 


the dissection was not easy and not complete. The orbital growth, however, the size of an egg. 
could be freed from the surrounding orbital tissue and removed. The eyeball itself and the opti 
nerve were not invaded. Definite bony defects could be felt in the roof and posterior aspect ot 
the orbit. There was free bleeding during the dissection. After removal of the growth an ellip 
tical strip of skin and hypertrophic conjunctiva was removed from the lid, thus shortening it 
The wound was closed with interrupted nonabsorbable surgical (silk) sutures. The postoperative 
course was uneventful. The patient was discharged on Feb. 13, two weeks after operation. The 
pathologist’s report read as follows: “This is a pure tumor of nerve tissue. It consists of 
fibers running parallel, many of which have large bodies, which, when analyzed, are seen to 
be collections of mucoid material in the nerve cells (Fig. 4). It seems to me that the picture 
fits nicely with the diagnosis of von Recklinghausen’s disease.” 
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Fig. 3.—4, marked enlargement of the left orbit, with extensive destruction of the posterior 
and superior walls. A large rounded soft-tissue shadow can be seen within the orbit. 


B, oblique view of the left orbit showing widening of the inferior orbital fissure, with 
extensive destruction of the greater wing of the sphenoid 


(, marked expansion of the sella turcica with sinking of the floor into the sphenoidal 
sinuses. Both the anterior and the posterior clinoid processes are intact. 
}), posteroanterior view showing destruction of the apex of the left petrous bone 
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The patient was readmitted to the hospital five months after operation for follow-up study. 
He was in excellent health, and his general appearance had improved tremendously (Fig. 2). 
The lid was still slightly thickened and ptosed, but it 


One hardly noticed the operative scar. 
could be raised a little with the help of the frontalis muscle. 
degree of inward deviation as before the operation. The other findings remained unchanged. 


The eyeball showed the same 


Fig. 4.—Photomicrographs of tumor removed from the orbit. 


The neurological examination was again negative. It is interesting to note that the sensation 


to light touch was retained in the left upper lid. Repeat x-rays of the orbit and skull showed 


no change from those taken five months previously. The patient was discharged and was 


instructed to report back after six months. 
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COM MENT 


The association of gliomas, gliosis, and meningiomas of the central nervous 
system with peripheral signs of von Recklinghausen’s disease is well recognized. 
Such an association, however, with orbital involvement seems to be rare. | have 
been able to collect 25 cases from the literature, all of which presented strikingly 
identical features. To recapitulate, the characteristic findings are as follows: 
(1) an intracranial growth situated in the middle cranial fossa and extending to 
cause ballooning of the sella turcica; (2) a plexiform neurofibroma involving 
the orbit and very often the globe, the optic nerve, and the eyelids, with enlarge- 
ment of the orbital cavity and defects in its walls; (3) café au lait pigmentation of 
the skin. Occasionally typical neurofibromata are also found. 

As to the nature of the intracranial growth, the few cases with autopsy revealed 
a glioma, type astrocytoma (Davis *; Peyton and Simmons'). In the case pre- 
sented a craniotomy was not attempted. It was felt that as long as the patient 
showed no signs of increased intracranial pressure a craniotomy was not indicated, 
since these tumors are slowly progressive and at best are very difficult to remove 
surgically. Ballooning of the sella turcica is very common, but pituitary dysfunc- 
tion seems to be rare. The case presented revealed no signs of any dysfunction 
in spite of the extreme ballooning of the sella turcica. The optic chiasm did not 
seem to be involved to any degree, since perimetry showed no visual defects 
Furthermore, there was no gross involvement of the optic nerve and globe. 

The absence of pulsations in spite of the large defects in the walls of the orbit 
is of interest. Rockliffe and Parsons,‘ Foster Moore,” LeWald,” and Wheeler 
called particular attention to this sign whenever a large defect was present. Its 
absence in this case cannot be explained. 


SUMMARY 


A case of plexiform neurofibroma of the eyelid and orbit with dilatation of the 
orbit, defects in its walls, and enlargement of the sella turcica and middle cranial 
fossa is presented, 


A review of the literature reveals that 25 cases with almost identical features 
have previously been reported, 
Josepu A. Sapri, M.D. 
Acrrep Dias, M.D., F.A.C.S., F.I.C.S 
Gsraduate Hospital 
Beirut, Lebanon 
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PHYSIOLOGIC CHEMISTRY OF THE EYE 
A Review of Papers Published During 1953 


LUDWIG VON SALLMANN, M.D. 
NEW YORK 


HIS REPORT is comprised principally of material published during 1953 

on the physiologic chemistry of the eye. In order to make it more compre- 
hensive in scope, data on related subjects have been included. 
CORNEA 


The results of a study on the mucoproteins and mucopolysaccharides of the 


cornea, reported by Woodin and reviewed here last year, were in disagreement 
with early investigations of K. Meyer and co-workers; Woodin stated that the 
isolated fractions were resistant to testicular and bacterial hyaluronidases. In a 
study of considerable merit, Meyer and associates ' reirvestigated the mucopoly- 
saccharide fractions of the bovine cornea and isolated three components. The first 
fraction was identified as chondroitin sulfate; it was hydrolyzed by testicular, but 
not by pneumococcal, hyaluronidases. The separation of the second fraction pre- 
sented great difficulties, which have not as yet been fully overcome; this fraction 
showed a low sulfate content and was hydrolyzed by testicular and pneumococcal 
hyaluronidases at a rate comparable to that of hyaluronic acid. This component, 
then, resembled hyaluronic acid. The third, and largest, component, which repre- 
sented about one-half of the total mucopolysaccharide fractions of the cornea, was 
a sulfated mucopolysaccharide, for which the name keratosulfate is proposed. It 
seems to be the only sulfated polysaccharide of animal origin which does not con- 
tain uronic acid as one of its main constituents, and it is composed of equimolar 
quantities of glucosamine, acetyl, galactose, and sulfate. Gardell* describes a 
chromatographic technique for the isolation of glucosamine and galactosamine 
from a crude mucopolysaccharide fraction of the bovine cornea. After separation 
of the mixtures on Dowex 50 ion exchange resin (a sulfonated polystyrene exchange 
resin), quantitative recovery of the hexosamines was demonstrated. Using the 
original technique of Karl Meyer, Satoh * undertook a reexamination of the poly- 
saccharides of fresh bovine corneae, with particular respect to their content of uronic 
acid. He confirmed Meyer's early results as to the presence of this substance. 
Hlowever, Meyer now considers this substance to be chondroitin sulfate. In addi- 
tion, Satoh applied Dische’s indole and orcinol reactions to the sample material ° 
and concluded from the results that glucuronic acid is the uronic acid component 
in the cornea polysaccharides. This conclusion is unfounded, since the techniques 
mentioned are not adaptable to such a determination. 

Dr. Zacharias Dische, Biochemist of the Department of Ophthalmology, Columbia University 
College of Physicians and Surgeons, aided in the evaluation of many of the papers reviewed. 


From the Department of Ophthalmology and the Knapp Memorial Laboratory, Columbia 
University College of Physicians and Surgeons, and the Institute of Ophthalmology, Presby- 
terian Hospital. 
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Several papers describing the application of histochemical techniques to the 
corneal mucoid and the storage glycogen in the corneal epithelium have been pub- 
lished. After a short historical introduction on the subject of corneal transparency, 
Aurell and Holmgren * report observations on metachromasia of the cornea, sclera, 
and tendon of rabbits, swine, and man. In untreated sections the well-known, sharply 
outlined staining contrast between cornea and sclera was evident. ‘Treatment of 
such sections in running water for 48 hours dissolved the mucoid. When the sec- 
tions of the cornea were placed in a mucoid solution, there followed an uptake of 
the metachromatic substance, whereas the sclera did not stain with toluidine blue 
under the same experimental conditions. In addition, collagenous and elastic fibrils 
of tendons did not absorb any mucoid, and connective tissue took up only very 
small amounts. The metachromatic substance found in the cornea of human fetuses 
was not equally distributed in early stages but was confined to the posterior layers 
of the cornea. The corneal stroma of 30 cm. human fetuses contained the meta- 
chromatic substance in all parts. In early phases the sclera also showed meta- 
chromasia, but at birth only traces of metachromatic material could be detected, 
Francois and Rabaey * studied the basophilia and metachromasia of the corneal 
mucoid and their dependence on the pH of the solutions of the dyes. At a pH 
range of 4.0 to 7.5, the corneal mucoid showed a rapidly increasing uptake of the 
dye, whereas sclera and Descemet’s membrane remained unstained at a pH of 
4.7. However, the specificity of the metachromatic stains gradually disappeared 
with increasing alkalinity of the dye solutions (above pH 5 all the tissues stain 
progressively ). The authors feel that the high concentration of the corneal mucoid 
in the cornea hinders vascularization, and that only when the concentration 1s sig- 
nificantly reduced, as by edema, are the vessels able to grow into the cornea. This 
concept is similar to that of Karl Meyer, A. Braley, and others, who suggested that 
a decrease of the mucoids plays a part in the vascularization of the cornea, Gun- 
ther ° demonstrated a progressive decrease of metachromasia of the human cornea 
with time of storage. The stainability with toluidine blue remained unchanged for 
12 days, then decreased, and disappeared at 30 days. VPostmortal distintegration 
of the mast cells did not coincide with the loss of metachromasia, since the latter 
persisted for 1&8 days. The corneal elasticity and the metachromasia seemed to 
vanish at the same time. In a second paper,’ the author lists observations which 
he made on disks of corneae from patients with various types of corneal scars. 
Toluidine blue and other stains were used on this material. The metachromatically 
staining cement substance appeared to be destroyed most extensively in eyes with 
lime burns and sears after gonoblennorrhea. Gunther concluded that the preserva- 
tion of metachromasia could be considered a prerequisite for successful keratoplasty. 
Histochemical examinations of the cornea of guinea pigs by Smelser and Ozaniecs * 
showed exhaustion of the storage glycogen in the corneal epithelium of animals 
which had worn specially fitted contact lenses. This depression of epithelial gly- 
cogen preceded the development of corneal swelling and corneal turbidity. The 
authors had shown previously that an adequate oxygen supply can prevent swelling 
of the cornea which results from contact lenses; they, therefore, express the belief 
that a metabolic process is involved in the water regulation of the cornea, with 
the energy required for this process very likely furnished by the glycogen store in 
the epithelium. Grethe and associates * examined histochemically the effect of 
monoiodoacetic acid, phlorhizin, and hyaluronidase on the activity of the alkaline 
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phosphatase of the bovine corneal epithelium. They used Gomori’s technique for 
demonstration of the enzyme and sodium glycerophosphate as the substrate. The 
results indicated that contact of the preparation with monoiodoacetic acid and phlo- 
rhizin for 48 hours depressed the phosphatase activity. Pretreatment with hyalu- 
ronidase did not affect the depression by these two substances. This depression 
is most probably due to an inhibition of phosphorylation of glucose. 


Among the studies dealing with the metabolism of the cornea, the following 


are worth noting: Heald and Langham '° 


studied glycolysis in the living and the 
excised cornea of rabbits, using as an indicator the rate of accumulation of lactic 
acids under various experimental conditions. The results indicated that lactic acids 
accumulated in the living animals at a rate of 6.5 y per milligram dry weight per 
hour. Under anaerobic and aerobic conditions, lactic acid accumulated at a rate of 
10.5 and 2.76 y per milligram dry weight per hour, respectively. From these ratios 
it is inferred that maximal respiration is not maintained in the living animal. The 


same authors 


devised a beautiful method for determining the oxygen concentra- 
tion in the aqueous humor of rabbits polarographically. The partial oxygen pres- 


sure of the normal rabbit eye was determined to be approximately 40 mm. Hg. 


When the animal, under artificial respiration, was placed in an atmosphere of 


oxygen, the partial oxygen pressure in the aqueous humor was found to rise until, 
after three to four hours, a steady-state value of about 90 mm. was reached. ‘The 
amount of oxygen calculated to pass across the cornea was considered to be inade- 
quate to maintain respiration of the tissue under normal conditions. rom a pre- 
liminary study on the corneal respiration, Desvignes, Baron, and van Nham ‘™* 
concluded that the endothelium has the highest oxygen quotient (QO.) and seems 
to play a predominant role in the respiration of the cornea. Since the results are 
in gross disagreement with those of previous investigators and details of the experi- 
ments are not given, a full report of the completed study will be necessary before 
evaluation. In the first of three studies on the dehydrogenases of the cornea, 
Jaeger '* determined the activity of these enzymes in the total steer cornea, in the 
scraped-off corneal epithelium, and in the stroma, with and without endothelium, 
against various substrates, such as citrate, lactate, succinate, pyruvate, and glucose. 
These activities were tested by the triphenyltriazolium chloride (TTC) method. 
Dehydrogenase activity on glucose, succinate, lactate, and pyruvate was demon- 
strated in the corneal epithelium. The TTC reduction by the separated epithelium 
accounted for 60% of the activity of the total cornea (3% for endothelium, 1% 
for the stroma). Only glucose led to a significant increase in the reduction of TTC, 
due to a saturation of the enzymes by endogenous material. After the separated 
epithelium was washed, the endogenous reduction was eliminated and each of 
the above-mentioned compounds except pyruvate was found to lead to the reduc- 
tion of TTC. However, the sum of the reduction by separated epithelium and 
stroma was lower by 40% than the original reduction by the total cornea. The 
author's assumption that this finding indicates an interrelating synergism between 
stroma and epithelium seems questionable, as the results could be explained by 
the damage to the epithelium; the conclusion, also, that the presence of dehydro- 
genases for succinate and citrate indicates the predominance of the tricarboxylic 
acid cycle does not appear well founded. In a second paper,'* Jaeger deals with 
the role which inhibition of dehydrogenases may play in the production of corneal 
inflammation by toxic substances. Acids and alkalis destroy dehydrogenase activ- 
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ity as they destroy the tissue. In contrast to bacterial toxins, bee and snake 
venoms and copper salts interfere with the function of the dehydrogenases. This 
etfect was observed to precede the development of the keratitis by several hours. 
Normal corneal epithelium acted as a partial protective barrier; thus, much 
higher dilutions of the poison were found effective on the excised cornea and in 
the coagulation test on egg yolk. Acrolein, allyl mustard oil, chloroacetophenone, 
and formaldehyde inhibited the dehydrogenases for lactic, citric, and succinic acid, 
and in concentrations which reduced dehydrogenase activity by more than 50% 
these substances produced keratitic changes. In the third part of this extensive 
investigation, Jaeger '° examined the effects of commonly used therapeutic agents 
on the dehydrogenases of the cornea. As in the previous studies, he correlated in 
vivo and in vitro results obtained by the TTC reaction and the results of the coag- 
ulation test on egg yolk. In confirmation of the work of Hermann, Moses, and 
Friedenwald, he observed that the damaging effect of cocaine and tetracaine seemed 
to be caused by the inhibition of the dehydrogenases. Histamine interfered with 
the TTC reaction only in very high concentrations, and sulfonamides did not exert 
a marked inhibition. A great number of experimental data on the relation of anti- 
inflammatory agents to irritating and toxic substances of varying nature were pre- 
sented. Complex-forming agents, such as sodium thiosulfate, antihistaminics, and, 
in great detail, zinc salts, were studied. The most striking results were obtained 
in the blocking of inflammatory responses to bee and snake venom by zinc sulfate 
and zine acetate. It did not seem likely that the zine salts reacted directly with 
the poison; rather, it was probable that they competed with the poison in the inhi- 
bition of the dehydrogenases. Jaeger’s interesting observations led to important 
practical conclusions, which are discussed in the last part of the paper. The TTC 
reaction also was used by Kohler, Furst and Scharf '® on disks of calf corneae in 
a study of the effect of desoxycorticosterone acetate (DOCA) on the dehydrogenase 
activity at different temperatures. The augmentation of this activity by the 
hormones was of low magnitude in fresh corneae at low temperatures, but was 
considerable in 24-hour-old preparations at all temperatures tested. Under these 
conditions, the time-induced loss of activity was regained almost completely under 
the influence of desoxycorticosterone acetate solution in a concentration as low 
as 1: 1,000,000. 


Various aspects of the problem of corneal permeability are reviewed in the 
thesis by Maurice.'’ The subject is divided into an historical introduction and a 
discussion of the permeability of ionic and nonionic substances. Special reference 
is made to the author’s own previously reported work on permeability to Na**. 
Other small series of experiments by Maurice have dealt with the relative binding 
power of excised cornea for methylene blue and fluorescein solutions, and the con- 
troversial issue of the directional permeability of the cornea to gases. The many 
contradictory observations of various research workers, and the consequent diffi- 
culty of arriving at a tenable theory, were brought out in the critical analyses of 
the author. The comparison of results and the assessing of interpretations might 
have been facilitated if the author had had direct contact with such investigators 
still active in this or related fields, although the obstacles of dealing with reports 
in which far-reaching conclusions are based on a small number of experiments and 
control experiments are of questionable nature could hardly be overcome. In view 
of the nature of the paper, with its extensive critical analysis, it is possible to men- 
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tion here only some of Maurice’s conclusions and to refer the interested reader to 
the study of the original article. Despite results of conflicting nature, Maurice 
assumed that the permeabilities of the limiting membrane of the cornea to ions of 
small molecular size are in the same range of magnitude. This would suggest that 
these ions pass through extracellular spaces. On the assumption that the space 
between the cells is filled with a fluid no more viscous than aqueous humor, the 
diameter of the largest particle which can pass across the cellular layer is estimated 
to be in the range of 10 to 25 A. Of general importance is the author's impres- 
sion that increases in the permeability of the cellular layers can easily be effected 
by touching the eye or by instilling or injecting solutions in the eye, especially when 
these solutions deviate greatly from the tonicity of the body fluids. The question 
of a directional, or irreciprocal, permeability of the cornea cannot be answered at 
the present time on the basis of available data. The same situation applies to the 
question of the flow of aqueous humor through the limiting corneal layers. In 
addition to exchange by passive diffusion of substances dissolved in the cornea 
with those in the plasma and in the aqueous humor, there may be at work a mech- 
anism of active transfer of some substances out of the cornea. Such a transfer may 
help the maintenance of the normal corneal thickness. 


Potts '* designed several promising experimental procedures for investigating 
various phases of the problem of the permeability of corneal epithelium and endo- 
thelium to inorganic salts. In the experiments carried out on living animals under 
pentobarbital anesthesia, the permeability of the anterior corneal surface in an 
outside-in direction, the diffusion from a depot placed in the corneal stroma, and 
the diffusion from the aqueous humor into the cornea were examined. The first 
group of experiments was done with sodium chloride labeled with Na**, sodium 
phosphate labeled with P**, and cesium chloride labeled with Cs'**. The minimum 
penetration into the epithelium coincided with a concentration of labeled salts 
equivalent to 1.35% sodium chloride. This, by inference, appears to be the tonicity 
of precorneal tear film. Radiosodium, radioiodide, and radiophosphorus served for 
the determination of diffusion from a depot in the cornea and from the aqueous 
humor into the cornea. The results indicated a low permeability of the corneal 
epithelium to imorganic salts in both directions, whereas the corneal endothelium 
apparently exhibited good permeability in either direction, especially from an intra- 
corneal depot to the aqueous. Before the results of the latter group of experiments 
can be accepted, it will be necessary to prove that the unavoidable trauma to perti- 
nent structures did not influence the results significantly. The permeability of the 
rabbit cornea to cations and anions was studied by Kikkawa,'* who placed the 
tissue between two salt solutions of different concentration and applied a potential 
difference. The excised cornea reduced the mobility of the anions considerably 
more than that of the cations. The retardation of the anions might be due to the 
negative charge of the tissue. Calcium ions seemed to be either adsorbed or pre- 
cipitated on the surface of the cornea; they still diffused easily from outside in, 
and less readily in the opposite direction. The importance of the barrier qualities 


of the posterior surface of the cornea is suggested by Bock and Maumenee,*”? who 
attempted to introduce a thin sheet of water-impermeable polyethylene film beneath 
the epithelium and another sheet anterior to the endothelium of the rabbit's cornea. 
However, the unavoidable severe trauma of such a procedure makes any conclusion 


based on these observations difficult to evaluate. 
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Orzalesi and Ciuffo *! report on histologic and physicochemical changes of 
corneal transplants during preservation. In rabbits, intracutaneous injection of 
extracts of steer corneae preserved at various temperatures were used for the 
trypan blue test of Menkin. The positive results varied with the length of pres- 
ervation of the corneal tissue, from 100% negative results in fresh corneae to 
100% positive results in corneae preserved for eight days or more. The results 
were more strongly positive in the excised corneae than in the corneae preserved 
in the intact eye. Raising the temperature of preservation increased the rate of 
development of positive results. It was concluded that during preservation of 
corneal tissue autolysis of corneal proteins produces substances which can cause 
inflammatory reaction—especially increased capillary permeability—and that these 
substances are not identical with histamine but act in a similar way. Probably 
the changes in the transplant are due to a reaction of an allergic nature between the 
transplant and the host, an opinion which was expressed by Maumenee several 
years ago. 

Sakaki ** measured the pH of the rabbit cornea in vivo by the quinhydrone 
electrode method. The technical difficulties which had to be overcome must have 
been very great. The pH values given in this paper are 7.42 for the corneal epithelium 
and 7.58 for the stroma. 
Desvignes ** contributes a brief review of the chemistry of the cornea. 

In their report of the study by phase-contrast microscopy, Frangois and Rabaey ** 
describe a technique by which they claini to render visible collagen and mucoid selec- 
tively and separately. When the preparations were mounted in Canada balsam or in 
Clarite, an irregular network was noted which may correspond to the mucoid ; after 
formol fixation and embedding in paraffin, preparations suspended in water showed 
the collagen lamellae. In Yamamoto’s *° phase microscopy study of the rabbit cornea, 
a membrane similar to Bowman's membrane was recognizable, in contrast to the 
apparent absence of such a membrane with the usual histological techniques. ()ut- 
standing in experimental approach and documentation of results are two electron 
microscopic studies by Schwarz on the structure of the human sclera and cornea. 
The preparations were treated with osmium tetroxide and with the silver inpreg- 
nation technique of Gomori. In the first paper,** the similarity of the scleral fibers 
to the collagen of tendon fibers is stressed, whereas the fine corneal fibrils could be 
compared to embryonic fibers of connective tissue. The average thickness was 29 my. 
The fibrils of the cornea were shown to be embedded in a coat of cement substance, 
a part of which belonged to the substrates of hyaluronidase. Sclera or tendon con- 
tained much less of this substance. The corneal fibrils, which were arranged in 
bundles 2.5 to 8 » in thickness, were masked by the cement substance. These sub- 
microscopic fibrils, with a masking of cement substance of similar refractive index, 
are thought by the author to be responsible for the transparency of the cornea, in 
contrast to the opaqueness of the sclera. Any change of the fibrils or the cement 
substance, or a shift in their physical and chemical interrelation, could lead to a 
loss of corneal transparency. In a second study, Schwarz *’ reports his observa- 
tions on various stages of development of corneal and scleral tissues. Material 
from fetuses of 2.5, 4.0, 8.5, and 16.5 em., up to the adult, was studied. The appear- 
ance of the corneal fibrils did not change throughout the various stages of develop- 
ment, whereas the scleral fibrils underwent a process of differentiation during these 
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periods which resulted in the formation of the mature, thick collagen fiber. Cornea 
and sclera both remained transparent in fetal life up to the length of 8.5 cm. It 
was from this age that the scleral fibers gained in thickness, with a simultaneous 
decrease in the cement substance and a progressive loss of transparency. In con- 


trast to these changes in the scleral fibers, the corneal fibers remained in an early 
stage of differentiation. Samples from scarred corneae showed a differentiation 
of the fine corneal fibrils to mature collagen. 


Using a polarizing microscope, Kikkawa ** studied the rabbit cornea and 
reported that, optically, corneal fibers are a biaxial and negative crystal. The Y- 
and the Z-axis lie in the tangential plane of the cornea; the former lies in the 
direction of the long axis of the fibers, and the latter, perpendicular to it. The 
\-axis is in the direction perpendicular to the tangential plane. This relationship 
can be clearly observed in the periphery of the cornea, where the fibers are arranged 
regularly in a radiating direction. At the center of the cornea, where the arrange- 
ment of the corneal fibers is extremely irregular, the cornea appears to be “uni 
axial and negative.” When the fiber is stretched in the direction of its arrange 
ment, the Z-axis rotates by 90 degrees 


NOUEOUS HUMOR 


sy means of an ingeniously designed and well-controlled technique, Kinsey *” 
succeeded in studying the concentrations of osmotically active constituents of pure 
samples of aqueous humor from the posterior chamber, and in comparing them with 
the concentrations of these substances in the fluid of the anterior chamber and in 
the plasma. In a previous study Kinsey demonstrated that the osmotic pressures 
of the aqueous humor in the two chambers are about the same, but that the ascorbic 
acid content of samples from the posterior chamber exceeded by about one and 
one-half times the concentration in samples from the anterior chamber. In the 
present work these results were confirmed; in addition, Kinsey found a relatively 
higher content of bicarbonate in the aqueous humor of the posterior chamber and 
showed that the concentrations of chloride and phosphates in the posterior chamber 
were less than in the anterior chamber. The pH values of the two intraocular 
fluids, as determined by a colorimetric method, did not differ significantly (7.57 
and 7.6) but were higher than the pH averages of the plasma (7.4). The observed 
pattern of distribution of these concentrations in plasma and aqueous humor in 
the anterior and posterior chambers provided supporting evidence for Kinsey’s 
concept that chlorides and phosphates enter the posterior chamber by diffusion. 
They exist here in concentrations lower than in the plasma because of dilution by 
water, which enters the posterior chamber as a result of the hypertonicity created 
by bicarbonate, ascorbate, and certain cations. The concentration of bicarbonate 
in the posterior chamber, which is higher than that in the plasma and in the ante 
rior chamber, points to an active secretion of this constituent by the ciliary body 
In Kinsey’s opinion, the permeability of iris vessels is limited to anions and non- 
electrolytes, although in the present study no data were given regarding the perme- 
ability to sodium and potassium. On the basis of the distribution of chloride, 
phosphate, and bicarbonate, Kinsey concludes that a process of simple diffusion 
governs the transfer in the anterior chamber. In direct contrast to this conclusion 
of Kinsey is the interpretation of Heer * that chlorides enter the aqueous humor 
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by secretion. Since Heer’s experiments were limited to a small number of animals 
and to seven patients with hydrophthalmos, the evidence is not sufficient to sub- 
stantiate his rejection of diffusion as the mechanism. 


The role of ascorbic acid in the transfer of aqueous humor across the blood- 
aqueous barrier was studied by Scholz“! on normal and scorbutic guinea pigs 
Using Na** as tracer, he determined the steady-state ratio of sodium of the plasma 
water to sodium of the aqueous humor. This rate was determined as + 0.985 in 
the normal animals, as against + 1.055 in scorbutic animals. Thus, in the absence 
of ascorbic acid the secretion of sodium into the aqueous was diminished and the 
ratio approximated that of a dialysate as calculated for the Donnan equilibrium. 
The results provide confirmation of Friedenwald’s concept of the importance of 
ascorbic acid in the formation of intraocular fluid. Davson and Matchett ** under- 
took an extensive study of the kinetics governing the process of penetration across 
the blood-aqueous barrier of three sulfonamides, thiourea, and sucrose. Moreover, 
the results of less complete experiments with thiocyanate, Na*', n-propyl thiourea. 
and raffinose are included in this outstanding piece of work. It was shown that 
for several substances the relationship between k,,, that is, the inward transfer 
constant of a penetrating substance, and r, the steady-state distribution ratio between 
aqueous humor and blood plasma, does not conform to the equation derived by 
previous workers. The reformulation of the mathematical treatment of aqueous 
humor kinetics, important as it is, is beyond the scope of this review and should 
be studied in the original. The results of these measurements and those concerning 
the effects of nitrogen mustard and unilateral occlusion of the carotid artery were 
the basis for the revival of the concept that a dual process is involved in the pene 
tration of a given substance across the barrier: secretion of solutes by the secretory 
cells of the ciliary epithelium into the posterior chamber, and diffusion by an intra 
cellular route through the iris capillaries into the anterior chamber. 


A series of experiments was carried out by Davson ** to determine whether 
large water-soluble molecules entered the aqueous humor by bulk flow of fluid 
through the relatively large water-filled intercellular spaces or by simple diffusion 
The entry of raffinose was compared with that of p-aminohippurate. The mean 
percentage of the rates of these two substances with a molecular weight differing 
by a factor of 2.6 was only 6% in favor of p-aminohippurate. It was concluded, 
therefore, that such substances are carried into the aqueous humor predominantly 
by bulk flow. The value of Davson’s review article ** on “problems concerning the 
formation and circulation of the aqueous humor,” as a comprehensive summary, 
is enhanced by the author’s discussion of his own work and the evaluation of the 
current work by other investigators in this field. The report deals mainly with 
kinetics of the blood-aqueous barrier. Davson feels that it is too great a simplifica 
tion to assign a single parameter to the transfer of a specific substance from the 
plasma to the aqueous humor. Instead, he suggests that three processes might 
compete with each other: secretions by the ciliary epithelium, diffusion from the 
posterior surface of the iris, and, most important, diffusion from the anterior 
surface of the iris. The average concentration of the substances in the aqueous 
humor results from a mixture of the contents of the “primary” aqueous humor 
in the posterior chamber, and the accumulation of substances which entered the 
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anterior chamber by diffusion. Tsutsui and Nagata * used a polarographic method 
to measure the transference of metal ions from blood to aqueous humor in rab- 
bits.*” Quantitation of the permeability of the blood-aqueous barrier based on the 
ion content of the aqueous humor was considered of questionable validity, since 
metal ions, such as Co’, Zn, Ni“, and Mn”, have an affinity for albumin and effect 


contraction of the blood vessels. The ion content of the aqueous humor was gener- 
ally low and in the order of Zn”, Co’, Ni’, and Mn”. The amount of manganese 
and nickel present was about equal to that in venous blood. When marked changes 
occurred in the metal ion content of the aqueous, the chlorine content also changed, 
hut to a less pronounced degree. In the absence of metal ions, the Cl content of 
the aqueous humor was lower than that of the arterial blood, which, in turn, was 
lower than that of the venous blood. 

The advantages of paper electrophoresis, which was first used by Witmer for 
the study of proteins of the aqueous humor, continue to attract ophthalmological 
research workers. Munich“ reports several experimental series in which this 


method was utilized in study of the primary and secondary aqueous humors and 
of the serum of rabbits. In the secondary aqueous, a relative increase of the albu- 
min fraction and a decrease of the globulin fraction were noted by comparing the 
readings with those obtained on the serum. A rise of body temperature induced 
by injection of a foreign protein preparation produced a well-marked albumin 
peak in the aspirated samples of aqueous humor, in contrast to the minimal 
quantities which could be demonstrated in untreated (control) animals. Chinaglia 
and Franea “’ used paper electrophoresis in determination of the proteins of the 
aqueous humor and the blood serum of a very inhomogeneous group of 24 patients 
with inflammatory changes of the eye. With respect to its accuracy, the method 
used for the protein determination is open to criticism and scarcely provides more 
than rough estimates. ‘This reviewer agrees with the authors that no definite con- 
clusions can be drawn from their results, which suggest an increase of the alpha- 
globulin fraction in the aqueous humor as compared with this fraction in the blood 
serum of the same subject. Obviously, much more experimental material is neces- 
sary to permit quantitation of electrophoretic data on the subfractions of the globu- 
lin in the aqueous humor. Two-dimensional paper chromatography, with phenol 
and lutidine as solvents, was used by Blaha and associates “* to separate the amino 
acids in the aqueous humor and the serum of rabbits. The authors felt that they 
could identify glycine (aminoacetic acid), serine, alpha-alanine, glutamic acid, leu- 
cine, gamma-butyric acid, threonine, hydroxyproline, and phenylalanine. From 
the same quantities of aqueous humor and serum, amino acid spots were produced 
which were similar in size and intensity of color. This was interpreted as indicat- 
ing that amino acids in the aqueous humor and in the serum exist in identical 
concentrations. Here the question should be raised as to the reliability of differ- 
ences in color intensities as a method of quantitation of paper chromatograms. The 
conclusion of the authors that the amino acid entered the anterior chamber by 
diffusion, and not by secretion, is not in full agreement with the findings of Duke 
Ider, who described an extremely slow penetration of alanine and glycine across 


* Despite the cooperation of Dr. Yukihiko Mitsui, of Kumamoto University Medical School, 
I was, in general, unable to obtain translations of the Japanese papers and had to rely on 
published abstracts. It is impossible, therefore, to assess properly the significance of the results 
and the value of the observations. 
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the blood-aqueous barrier. Malatesta also used paper chromatography in his 
study of the distribution of amino acids in ocular fluids and tissue, but the results 
are tabulated in a way that makes it impossible to abstract the paper. All amino 
acids of the blood, with the exception of phosphocolamine, beta-alanine, proline, and 
tyrosine, pass into the aqueous humor. The last-mentioned three amino acids were 
not visible in the fluid phase of the vitreous or the lens. 

Sock and Hellauer *’ tested pharmacologically the histamine activity of human 
aqueous humor from normal and glaucomatous eyes and that of the aqueous humor 
of the guinea pig, rabbit, and steer. The isolated intestine of the guinea pig in 
oxygenated Tyrode solution was used in bioassay of the samples. In most instances, 
normal aqueous humor, even when pooled, did not contain enough histamine to 
elicit threshold responses of the preparation. The results of the majority of previous 
examiners on normal eyes were thus confirmed. Moreover, Bock and Hellauer 
concluded from their experiments that the aqueous humor of eyes with primary 
glaucoma was either free of histamine or contained only insignificantly small amounts 
of this substance. A slight increase in the tone of the guinea pig preparation, 
occasionally produced by samples of aqueous humor of normal and glaucomatous 
eyes, appeared to be caused by a substance which was definitely not histamine but 
possibly related to the vasoactive substance demonstrated previously in’ nerve 
elements by Hellauer and Umrath. 

Sugawara’s *' report on the cholinesterase content in aqueous humor confirms 
the findings of previous investigators in that only traces of this enzyme were found 
in the aqueous humor and the activity rose after paracentesis. The increase disap- 
peared within 24 hours. In the primary aqueous of atrophic eyes no enzyme could 
he detected. Tolazoline (henzylimidazoline ) depressed the enzyme activity slightly, 
whereas vagostigmine (a Japanese neostigmine preparation) and diisopropyl 
fluorophosphate were more effective inhibitors. 

In a series of three studies, Nagata compared changes in the aqueous humor 
and the cerebrospinal fluid of normal rabbits under various conditions. The protein 
contents of the normal aqueous humor and cerebrospinal fluid did not differ sig- 
nificantly, and changes of diet did not exert any noticeable influence.*? In marked 
contrast to the unchanged protein content of the cerebrospinal fluid formed after 
cisternal puncture, the secondary aqueous had a high protein content. The well 
known influence of subconjunctivally administered epinephrine on the reduction 
of the protein content in the primary aqueous was not noticed on the secondary 
aqueous humor after paracentesis.** An increase of the protein content of the 
primary, but not of the secondary, aqueous humor was observed after subconjune 
tival injection of pilocarpine. Intravenous injection of epinephrine (0.2 mg.) was 
followed by an increase in the protein content of the primary aqueous and_ the 
first cerebrospinal fluid, while no effect on the protein concentration of the second 
fluid was evident. [Epinephrine injected intraspinally caused a decrease in the 
protein level of the secondary cerebrospinal fluid. Finally, Nagata extended the 


study ** to the transmission of foreign protein injected intravenously into the aque- 


ous humor and the cerebrospinal fluid ; the oxygen consumption of the tissues which 
produced these fluids was studied. Ten per cent egg albumin increased the protein 
content of the first cerebrospinal fluid, but not that of the first and second aqueous 
humors and the second cerebrospinal fluid. When the concentration was increased 
to 15%, the protein concentration rose in the first and second aqueous humors and 
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in the first cerebrospinal fluid. Iris and ciliary body consumed 30 to 40% less 
oxygen after paracentesis. Instillation of epinephrine and pilocarpine did not change 
the QO, of iris and ciliary body. The oxygen consumption by unit weight of 
arachnoid appeared higher than that of iris and ciliary body. 

Spitzy and Skrube *° described a sensitive micromethod for determining winimal 
amounts of iodine in the aqueous humor of rabbits. It is a modification of Winkler’s 
titration procedure and is based on the oxidation of iodide by bromine to iodine and 
titration of the latter with thiosulfate. Amounts of 0.1 y per 0.1 gm. of aqueous can 
he determined by this technique. The method of Spitzy and Skrube was used by 
Hagmuller, Hellauer, and Spitzy * in a study in which eyes of rabbits either were 
exposed to a spray of iodide mineral water (content 17.7 mg. of iodine per 100 ec. ) 
for 20 minutes or were treated with two drops of the same water. These procedures 
resulted in a steep rise of the iodine content in the aqueous, with a maximal value 
of 0.23 mg. per 100 ce. at the 30-minute interval; the zero level was reached afte: 
16 hours. As expected, the penetration of the halogen was accelerated when applied 
in hypotonic solution. Frequent instillations of hyaluronidase prior to the use of the 
iodide mineral water did not increase the permeability of the cornea for the test sub 
stance, The steep fall of the appearance rate curve in the period between 30 and 120 
minutes was thought by the authors to be caused mainly by diffusion, but also by 
convection. It should be added, however, that the binding of iodine to organic mat 
ter may contribute to the disappearance rate from the aqueous humor. Such a factor 
was strongly suggested in older experiments, in which the distribution of radioactive 
iodine was studied by radioautography. Obviously, the iris takes up considerable 
quantities of iodine introduced into the aqueous humor. 

Matsuura conducted a series of studies on the influence of the ciliary arteries on 
the production of the aqueous humor. It will suffice to mention here that the fluor 
escein appearrnce curve for the aqueous humor reached its peak 30 to 50 minutes 
after intravenous injection and then fell gradually, and that a certain parallelism 
existed between the rate of entry of the dye and the changes in the intraocular pres 
sure.’ The protein content was found to be increased ** when the intraocular 
pressure had risen, and the level remained high even after restoration of the normal 
pressure. 

From the results of experiments in which Sapuppo * used the rate of entry of 
fluorescein across the blood-aqueous barrier as an indicator, the author concluded 
that beta-pyridil carbinol is more effective than nicotinic acid in increasing the per- 
meability of the blood-aqueous barrier. 

Vitamin E. was administered by Marisco®’ to a small number of rabbits with 
diabetes produced by alloxan. It was observed that the vitamin lowered the glucose 
level both in the blood serum and in the aqueous humor. In view of the small number 
of observations, the statistical validity appears questionable. 

Gemolotto *' determined the content of ascorbic acid and glucose in the aqueous 
humor of rabbits prior to and after the intravenous injection of sodium iodate. At 
the time when the retinal damage had fully developed, the glucose concentration 
showed higher values, and the ascorbic acid definitely lower values, than the pre- 
medication levels. The concentration of these substances in the blood remained the 
same. The possibility of reduction of ascorbic acid to glucose considered by the 
author appears highly improbable. 
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LENS 

The results of an investigation conducted by Dische and co-workers * on glu- 
tathione and nucleotides of the lens capsule require revision of the presently held 
concept of the inert nature of this membrane. It was shown that the relatively high 
content of glutathione and nucleotides in the lens capsule cannot derive from post- 
mortal diffusion of these substances from the superficial cortical fibers or from the 
lens epithelium into the capsule. The amount of glutathione corresponds to 15 to 
30% of that in the surface layers of the lens cortex ; the amount of nucleotides, to 
30 to 40% calculated per 100 mg. wet weight. In the presence of air and at room 
temperature, rapid oxidation of glutathione takes place ; anaerobically, ribose of the 
nucleotides is broken down to unidentified end-products. Fujimoto,"* in his study 
on distribution of reduced and oxidized glutathione in the lenses of rabbits and 
steers, arrived at averages of 251.228 and 19.165 mg. per 100 gm., respectively, for 
the rabbit lens, and 212.117 and 4.9143 mg. per 100 gm. for the steer lens. At first 
glance these figures appear low as compared with previously reported values, but 
they cannot be evaluated without detailed knowledge of the technique. Both types 
of glutathione were present in largest quantities in the cortex, especially in the equa- 
torial portion. 

In a continuation of their previously reported study on the significance of changes 
in the potassium and sodium content of the lens, Harris and co-workers ™ carried 
out an important investigation of the lenticular cation shift under the influence of 
low temperature and calcium deficiency. Loss of potassium and gain of sodium 
observed in the refrigerated lens preparation was reversed when the temperature 
was raised ; addition of calcium to a calcium-deficient medium restored the normally 


high potassium and low sodium content of the lens. Harris’ original concept of a 
balance between an active transfer mechanism which governs the distribution pattern 
of the two cations in the lens and a process of passive diffusion of the cations in the 
opposite direction along a concentration gradient was substantiated by these results. 
Studies were also undertaken by Desvignes, Baron, and Delaunay °° on the move- 


ments of sodium and potassium in the normal and cataractous lens; in contrast 
to the findings of Harris and co-workers, no decrease in the potassium content was 
observed in cataractous lenses, whereas such lenses gained markedly in sodium. 
A change in the permeability of the cataractous lens for sodium is assumed by the 
authors. Such results, showing an increase in sodium without corresponding decrease 
in potassium, are incomprehensible. 

Mandel, Nordmann, and Bloch ™ determined the amount of chloride, sulfate, 
phosphate, carbon dioxide, organic acid, sodium, potassium, calcium, and magnesium 
present in the fish lens. They used Volhard’s method (Cl), Van Slyke’s method 
(CQO.), Marenzi and Banfi's method (SO, ), and ultrafiltration (cations). Sixty- 
seven per cent of K* and 69% of Na* were found ultrafiltrable. Calcium of the 
calf lens, but not of the steer lens, could be demonstrated after ultrafiltration. As 
expected, Cl was completely recovered in the ultrafiltrate. The predominance of 
the cellular potassium over the extracellular sodium could not be explained by con- 
sidering the epithelium alone, but it points to the ceilular nature of the main mass 
of the lens. The soluble proteins of human lenses, as well as those of ox, horse, pig, 
monkey, and rabbit lenses, were subjected to paper electrophoresis by Frangois and 
co-workers.*’ In the human and monkey material four fractions could be differen- 
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tiated, whereas in the other species studied three fractions were found. The values 
for the individual fractions varied with each species and with the portion of the 
lens examined. Interestingly, the electrophoretic pattern from the normal human 
lens did not differ from the cataractous lens of patients of the same age. Malatesta 
analyzed the free amino acids in the lens by means of paper chromatography. From 
the reproduction of the chromatogram, it can be seen that phosphoserine, glutamic 
acid, glycine, alanine, serine, and taurine are present in greater quantities than are 
leucine, valine, and phosphocolamine. 

Various aspects of the synthesis of ascorbic acid by the rabbit's lens were studied 
by Yamamoto, Ogino, and Higuchi.” The capacity for synthesizing ascorbic acid 
from 2-keto-gulonic acid disappeared in the homogenate of lenses which had been 
made cataractous by needling three days prior to the removal of the eves. The addi- 
tion of heat-inactivated extracts of normal lenses or muscle tissue restored this 
capacity. Reactivation was not possible, however, when seven days had elapsed 
(Yamamoto). The ascorbic-acid-synthesizing action of young animal lenses exceeded 
that of the lenses of aged rabbits (Ogino). Higuchi" investigated the possible 
participation of Kreb’s tricarboxylic acid cycle in ascorbic acid synthesis of the lens. 
Synthesizing action impeded by malonic acid was recovered by treatment with 
fumaric acid, but not by succinic acid. Neither fumaric acid nor succinic acid per se 
influenced ascorbic acid synthesis of the lens. The conclusion of the author, in which 
he states, according to the wording of the abstract, that ascorbic acid synthesis of 
the lens and the tricarboxylic acid cycle have no relationship, does not seem to be 
consistent with the reported results on the effects of fumaric acid on the synthesizing 
action impeded by malonic acid. This observation suggests at least an indirect influ- 
ence of Kreb’s tricarboxylic acid cycle on ascorbic acid synthesis. According to the 
report of Higuchi,"’ beef lenses contain an enzyme which apparently catalyzes the 
synthesis of vitamin C from 2-keto-d-gulonie acid. Inactivation of this enzyme by 
heating was reversed by addition of an enzyme inactivated by dialysis. In the author’s 
opinion, the enzyme consisted then of two fractions, one dialyzable and thermostable, 
and the other nondialyzable and thermolabile. The addition of KCN accelerated the 
synthesis; AgNQOs impeded it. Mishima“! observed that malonic acid impeded the 
synthesis of ascorbic acid from mannose, but that the effect could be reversed by 
fumaric acid or by adenosinetriphosphate (ATP). If this observation is correct, 
it would indicate that ATP is necessary for synthesis of ascorbic acid from mannose. 
Ogino “ demonstrated that the needled rabbit lens loses the capacity for producing 
dihydroascorbie acid from 2,3-diketogulonic acid by closing the lactone ring, and for 
dehydrogenating mannose to mannonic acid. In another study by Ogino and co-work- 
ers,"* on the decomposition of ascorbic acid in cataractous lenses, oxalic acid appeared 
six days after needling. The authors concluded that the oxalic acid was the result 
of decomposition of 2-keto-gulonic acid. According to Uyama and co-workers,"* an 
intraperitoneal administration of dopa quinone (30 mg. daily) in guinea pigs caused 
development of a gray cataract within three to four days. If 0.05 mg. of ascorbic 
acid was added to this treatment every day, the cataract developed after five days, 
and if this dose of ascorbic acid was increased to 0.2 mg. the development of the 
cataract was delayed an additional two days and the cataract was of a brown color. 
The dose of 2 mg. of ascorbic acid prevented cataract formation completely. The 
mechanism of this protective action of ascorbic acid is not discussed in the abstract. 
Yamada °° demonstrated that treatment of vitamin C-deficient guinea pigs for 12 days 
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with intraperitoneal injection of sodium butyrate plus, on the last five days, oral 
administration of tyrosine resulted in development of cataracts. ‘The urine of these 
animals contained considerable quantities of benzoquinone acetic acid. Elimination 
of sodium butyrate from the treatment prevented the development of cataract, and 
there was no marked excretion of benzoquinone acetic acid. 

Reich and Healy °° determined the content of carbonic anhydrase in homogenates 
of bovine lenses by the modified colorimetric method of Trethewie and Day. Slaugh- 
ter-house material was obtained from animals in age groups of 5 months to | year, 
2 to 9 years, and 10 years and over. All the lenses were free of cataractous changes. 
The carbonic anhydrase activity of normal bovine blood served as a standard for 
comparison, The average values of the lens enzyme activity in the three age groups 
did not show significant differences. Thus, the decreased enzyme action, previously 
described by Bakker in senile cataract, appeared to be caused by the cataractous 
process, and not by old age or by a precataractous state. Mandel, Zimmer, and 
Nordmann °* were able to determine in cali lenses two types of pyrophosphatases— 
one with an optimal activity at pH 5.5, and the other, at a pH of 7. The same 


authors "* demonstrated in bovine lens homogenates the presence of an alkaline 
phosphomonoesterase which appeared to act preferentially on beta-glycerophosphate 
at a pH of 7.4 to 8.2. In contrast to the findings of the preceding abstract, no acid 
phosphatases were detected. Fujimoto’ studied glutathione reductase in rabbit 
lenses. When a buffered extract of rabbit lens was brought into contact with ox1- 
dized glutathione, glutathione was reduced. The enzyme was found to be heat-labile 
and partially impeded by the presence of silver nitrate. It lost its activity during 
dialysis, but such inactivated enzyme regained its activity when a heat-inactivated 
enzyme or diphosphopyridine nucleotide was added. Flavinadenine dinucleotide 
stimulated anaerobic reaction of the reductase. The conclusions of the author that 
reductase is one of the pyridine enzymes having diphosphopyridine nucleotide as 
coenzyme are difficult to reconcile with the results previously reported by Pirie and 
co-workers, who showed that triphosphopyridine is the coenzyme of glutathione 
reductase in the lens. 

Ascorbic acid-reduced glutathione, protein SH groups, and various enzymes 
were determined by Pirie and co-workers *° in extracts of rabbit lenses after the eyes 
had been exposed to 1,400 r of 200 kv. x-rays. Surprisingly, the first signs of lens 
damage were observed by slit-lamp examination as late as four months after irradia- 
tion. Estimation of the reduced glutathione indicated a decrease, with loss of 13%, 
at the three-month interval. This loss progressed to 85% at nine months after irra- 


diation, when the cataracts were complete. The protein SH content did not drop 
significantly until about six months after exposure to the x-ray beam. A fall in 
glutathione reductase occurred at a four- to five-month interval after irradiation. 


A slight decrease of ascorbic acid in the aqueous humor after x-ray treatment did 
not seem to be correlated with the development of lenticular opacities. Therefore, 
the first change in the chemistry of the lens slightly preceded the development of 
gross cataractous changes at the time when histological examination should have 
shown extensive signs of radiation damage. As a contribution to the problem of 
chemical mediation of radiobiological effects, Zeller“! determined the catalase activ- 
ity of cattle, rabbit, and dog lens homogenates manometrically by following the 
liberation of oxygen. In these well-controlled experiments, the values, expressed 
in micromoles of oxygen per hour and per gram wet tissue, varied for rabbit and 
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cattle lenses from 30 to 100, and for dog lenses from 16 to 30. These values were 
lower than those reported in other tissues. The agent responsible for the decompo- 
sition of hydrogen peroxide was heat-labile, did not dialyze through membranes, and 
was blocked by typical catalase inhibitors. The minimal quantities in the samples 
would indicate that a sufficient protective effect by catalase against hydrogen perox 
ide, possibly produced during the irradiation, is unlikely. 

Permutt and Johnson ™ attempted to characterize polysaccharide protein com- 
plexes in frozen-dried material of normal rabbit lenses and those in which cataracts 
had been produced by x-rays. They employed the method of Hotchkiss, and also a 
modification of this procedure, which apparently reduced the loss of stainable mate- 
rial occurring during the original technique. In addition, deparaffinized sections were 
stained for metachromasia with toluidine blue, and ultraviolet absorption of the lens 
fibers served as a means of determining changes in the protein concentration, accord- 
ing to the technique of Catchpole and Gersh. With the modified technique, the lens 
capsule, the cement substance between the fibers, and the lens fibers stained uni- 
formly from red to pink. The cytoplasm of the epithelial cells contained reddish 
granules. When the original method was applied, only the lens capsule and the 
intrafibrillar cement showed the color reaction. This stained material was con- 
sidered by the authors as a polysaccharide-protein complex. On the basis of solu- 
bility of this substance in distilled water, phosphate buffer, and hydrochloric acid, 
the authors distinguished two complexes. Epithelial cells and lens fibers contained 
material soluble in water and hydrochloric acid. On the other hand, the staining 
material in the capsule and the cement substance did not appear to be soluble in 
these solvents. The same techniques were also applied to cataractous lenses which 
were obtained six months after exposure to penetrating x-rays and slow neutrons 
in relatively high doses. Swelling of the lens capsule, the lens fibers, and the cement 
substance was accompanied by an increased color reaction with the Hotchkiss stain 
in these areas. The stainable material exhibited an increased solubility in water and 
acid as compared with normal lenses. This change was thought to be due to depoly- 
merization of the ground substance of the lens under direct influence of the radia- 
tions on the polysaccharide-protein complex, in a manner similar to the breakdown 
of proteins by irradiation. 

In connection with previous studies on the phosphate metabolism of the lens, 
Muller and Kleifeld ** examined the uptake of P** from the nutritive environment 
by lenses of the rabbit, calf, pig, and man. They employed the method of Schild 
and Maurer, which consisted in the analysis of paper electrophoretic diagrams for 
P* with a Muller-Geiger counter. The electrophoretic diagram was characterized 
by three maxima: The first maximum corresponded to the concentration of radio- 
active inorganic 1’), ions; the third peak seemed to indicate the P** incorporated 
in ATP; the analysis and identification of the second maximum met with difficulties 

it suggested P** in a group of not readily hydrolyzable phosphate fractions. The 
uptake of P* in the various phosphate fractions depended greatly on the age of the 
animal. The authors considered the possibility that in old animals the reduced 
exchange of P** was caused by a reduced uptake in the inorganic phosphate and the 
\TP fractions, whereas the not readily hydrolyzable phosphate seemed to take up 
P’*? at an increased rate. In an additional study, Muller and Kleifeld ™* presented 
evidence that the transfer which governs the uptake of environmental P** into the 
various phosphate fractions of the lens is seated in the capsule epithelium system. 
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The removal of the posterior half of the capsule did not interiere with exchange of 
P*?, in contrast to the marked decrease of this exchange when the anterior part of 
the lens capsule and the lens epithelium were removed. The concept of Kinsey and 
Nordmann of the importance of the lens epithelium as the source of energy for the 
lens metabolism and the results of the examinations of Palm thus appear to be con- 
firmed by these investigations. From experiments in which he studied the influence 
of the respiratory activity of the lens on the oxygen content of the aqueous humor, 
Bonavolonta * obtained the following results: The aqueous humor contained 2.76 
vol. % of oxygen in normal eyes; when cataract had been produced by massage, 
the value increased to about twice this figure; the respiratory activity of the lens 
with massage cataract was reduced to minimal values, and its average oxygen quo- 
tient was —0.072, as compared with the normal lens average oxygen quotient of 

0.30. In a study on glycolysis in the lens affected with naphthalene cataract, 
Nordmann, Zimmer, and Mandel ** observed in a small series an increased produc- 
tion of carbon dioxide accompanied by a decreased Pasteur effect, a change which is 
characteristic for the metabolism of any injured tissue. In a similar study, Nord- 
mann and Mandel * found an increase of glucose consumption prior to the appear- 
ance of the lens opacities ; the glucose consumption reverted to normal after the onset 
of the cataractous process. Intermediary products of the carbohydrate metabolism 
were not changed during the naphthalene poisoning. The authors assumed, there- 
fore, that carbohydrate metabolism must be disturbed at the onset of the toxic effect 
of naphthalene. 


A brief report of an interesting study by the same authors ** is concerned with 
the biochemistry of the rat lens with a galactose-rich diet and during alloxan diabetes. 
The decrease of Al’ was found in lenses of rats with partial opacities produced by 
galactose-rich diet or by alloxan. The authors feel that this reduction in available 
energy precedes the development of the opacity. In the paper no mention is made 
of the accurate control of the age of the animals, and, further, only averages of the 
many experiments are given without standard variations. It is hoped that a more 
extensive publication will follow on this subject, which seems to be of great impor- 
tance. It has been shown previously by Patterson that the formation of diabetic 
cataract depends on a high glucose level in the blood, in a way similar to that 
observed in experiments with galactose and xylose. In a recent study, Patterson *” 
described the synergistic action of galactose and glucose in producing lenticular 
opacities in rats and thus suggested a similar mode of action of the two carbohy- 
drates. Experimental evidence indicated that the toxic state, that is, a cellular 
metabolic deficiency, rather than an osmotic effect, was responsible for the develop- 
ment of cataract. Neither ascorbic acid nor phosphate influenced the development 
of the lens opacity. In a small number of experiments in which animals on galactose 
diet were intermittently placed on a normal diet, cataracts did not develop. Proper 
supplement of normal diet seemed, then, to correct the metabolic deficiency at a time 
when the cellular absorption mechanisms were not blocked by a high sugar level. 
In the opinion of this reviewer, more extensive studies are necessary to substantiate 
conclusions on this important point, since there are great variations in the develop- 
ment of galactose cataracts, even under identical experimental conditions. Inoue *° 
states that the combined administration of ascorbic acid, riboflavin, and KC1 not 
only impeded the development of experimental diabetic cataract but also reduced 
previously developed opacities of the lens. 
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After a brief review and discussion of the literature on the penetration of various 
substances into the eye, Beauvieux, Blanquet, and Maraud *' report observations on 
the distribution of ['* in the rabbit following the instillation of the labeled compound 
in the conjunctiva sac. In contrast to early reports on systemic administration of 
radioiodine, the lens seemed to take up traces of the isotope. Although the technique 
is not given in detail, the considerable number of experiments would indicate that 
the contamination of the lens digest with aqueous humor was not the cause of the 
traces of iodine in the samples. The concentrations determined in other structures 
are in agreement with those of previous workers. The radioactivity of lenses with 
experimentally induced traumatic cataract did not differ from that of the normal 
lenses under the conditions of the experiments. It is difficult to reconcile these find- 
ings with those of other investigators who, with the use of analytical methods and 
autoradiography, showed a marked increase of the radioactive tracer in lenses with 
radiation-induced cataract. 

Burg and Nordmann ** determined cryoscopically and with a thermocouple a 
freezing-point depression of 0.514 degree (C.) in homogenates of the calf lens. 
Despite the margin of error of the method, they conclude that the lens is isotonic 
with aqueous humor and vitreous. 

hase contrast microscopy of the fresh ox and calf lens epithelium produced, 
according to Boke,’ a great variety of cytological pictures which could hardly be 
compared with the regularly observed structures in fixed preparations. No cell 
membranes could be observed, but such membranes became visible by exposures 
to hypotonic and hypertonic solutions or to fixatives. No true intracellular bridges 
were seen, and only occasionally a few fibers interconnected adjacent cellular ele- 
ments, Supravital staining with Janus green made visible numerous round mito- 
chondria. A Golgi apparatus could not be demonstrated. 


VITREOUS 


HUMOR 
Rossi,"' investigating the structure of the vitreous body by means of phase 
microscopy, reported unexpected results. The controversial interpretations of the 
microscopic picture of the vitreous on fixed globes, and of the observations obtained 
by the use of ultramicroscopy and slit-lamp biomicroscopy, have been discussed and 
reinvestigated by recent workers by means of phase microscopy, electron microscopy 
and x-ray diffraction. There was principal agreement in the results of these workers 
as to the presence of fibrous elements of various sizes, shapes, and patterns in the 
fresh vitreous of several species. In the present study, in which he used the tech- 
nique of Bembridge, Rossi limited his investigation mainly to the rabbit's vitreous, 
which he subjected to phase microscopy immediately after the death of the animals, 
after storage of the vitreous preparations for two to eight hours at 2 C. and after 
enucleation, six to eight hours after death. Although the number of experiments ts 
not given, the author mentioned that his experiments were repeated many times. In 
fresh, untreated samples he was unable to detect fibrous structures but observed 
the appearance of fibrils from 40 to 50 minutes after the eye had been opened and 
the vitreous fluid had been allowed to escape. An irregular fibrillar network became 
visible also as a postmortal change. Similar, but not identical, microscopic structures 
were observed after treatment of the preparation with various fixatives and were 
explained as the precipitation of the protein content by the chemical agents. More- 
over, Rossi stated that he was unable to identify fibrous structure in the fresh, 
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untreated vitreous of the human eye with this technique. In the opinion of the 
author, these results suggest that in previous work zonular fibers were mistaken for 
vitreous elements, and fibrous elements may have been formed through an interac- 
tion of hyaluronic acid and the residual protein, as a result of variations in the pH 
and other physical factors. In view of the limitations and pitfalls of phase micros- 
copy, it will certainly be necessary to wait for confirmative reports before changing 
our present concept of the structure of the vitreous. 

Malatesta ** studied free amino acids in the aqueous humor and the vitreous 
humor, using the technique of paper chromatography which he had described in a 
previous paper.“’ The results do not lend themselves to a short abstract, but it 
should be noted that in the vitreous fluid the concentration of the nine identified 
amino acids was lower than in the aqueous humor and that five of the amino acids 
found in small amounts in the aqueous humor were absent in the vitreous fluid. In 
a further study,”’ Malatesta compared the free amino acid contents of blood, aqueous 
humor, vitreous humor, and lens of steer eyes. Vhosphocolamine, tyrosine, beta- 


alanine, phenylalanine, and proline could be demonstrated only in the blood. Lysine, 


arginine, and alpha-aminobutyrie acid were found in small quantities in blood and 
aqueous humor. Cagianut and Wunderly ** analyzed the proteins of the condensed 
vitreous body of four human eyes by means of paper electrophoresis and report an 
apparently moderate increase of the albumin fraction in eyes which had a high intra- 
ocular pressure. The quantitation on a limited number of samples of the very small 
globulin subfractions with the method used does not seem to this reviewer accurate 
enough to permit any conclusions. 

A review by Grignolo “* of the present state of our knowledge of the structure 
of the vitreous body should be mentioned here, as it covers the current information 
on the chemical components of the vitreous body, notably the characteristics of the 
residual protein and hyaluronic acid. He emphasizes that neither the chemical com- 
position of the residual protein nor the state of aggregation of hyaluronic acid and 
its relation to the fibrous elements has been clarified up to the present. A short 
review of the biochemistry of the vitreous is published by Desvignes and Schapira.”” 


RETINA 

In an extensive investigation, Brattgard “' studied the influence of adequate light 
stimuli on the growth of the ganglion cells in the rabbit retina and the development 
of chemical constituents of these cell elements. The cell mass was determined by 
x-ray microradiography, according to the method of Engstrom and Lindstrom and 
elaboration of this technique by Hydén. For the quantitative analysis of the nucleic 
acids of individual cells, the authors used ultraviolet spectrophotometry. A con- 
siderable increase of the nucleoprotein fraction was noted in animals 10 weeks of 
age as compared with those 11 days old. In adult nerve cells, when the degree of 
stimulation was varied, the quantities of nucleoprotein fractions changed appreci- 
ably. Retinal nerve cells deprived of stimulation for three days showed a tenfold 
decrease in the content of nucleoproteins ; this content increased after adequate light 
stimulation. Ten-week-old animals which had been exposed to adequate stimuli had 
a protein fraction of 0.31 % 10 * mg. per cubic micron and a nucleoprotein fraction 
of 0.47 % 10~" mg. per cubic micron, Animals of this age group which had been kept 
in total darkness from birth had a protein fraction of 0.16 * 10 ° mg. per cubic 
micron. From the determination of cell mass, it was concluded that the retinal 
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ganglion cells surpass in total dry weight other types of nerve cells. What is termed 
a third growth period of these nerve cells seems to depend on adequate postnatal 
stimulation. According to the author, the formation of pentose nucleoproteins, which 
depends on adequate stimulation, precedes the increase in the protein fraction in 
the development after birth. When stimulation was inadequate during early post- 
natal life, nerve cells developed incompletely, and their metabolism and chemical 
composition were disturbed. Sano “* measured chemically the acid and fat-soluble 
phosphorus of frog retina, as well as ribonucleic acid (RNA) and deoxyribonucleic 
acid (DNA) phosphorus, which were extracted by the Schneider and the Schmidt 
and Thannhauser methods, respectively. The amount of the nucleic acids seemed 
to be greater in the light- than in the dark-adapted retina. The ratio DNA: RNA 
was in the range 2.8 to 5.2. In the eye of the developing chick embryo the ratio was 
0.98 on the 9th day and increased gradually to 16.6 on the 1&th day of incubation. 
nly traces of these nucleic acids could be demonstrated in the vitreous, lens, and 
choroid of cattle and rabbits. It might be of interest to mention that Ehrlich and 
Dische, in a similar study, did not observe any influence of the state of adaptation 
on the content of nucleic acids in the rabbit retina. Postmortal changes in nucleic 
acid content of the retina were described by Ichikawa.** He incubated mouse heads 
at 20 to 22 C. for from 30 minutes to 48 hours after death, then dry-froze the eyes 
according to the technique of Altmann and Gersh, and stained sections with histo- 
chemical methods for ribonuclease and deoxyribonuclease. From the disappearance 
and disintegration rates of the two nucleic acids, it was concluded that the ribonu- 
cleic acid of the inner limbs of the neuroepithelium was unstable and might be con- 
cerned with energy changes associated with vision. It is difficult to evaluate the 
biological significance of these results if one considers the unphysiological conditions 
under which these changes were observed. 

Oguchi ** studied the distribution of plasmalogen in the retina of frogs by means 
of Schiff’s fuchsin reaction. The presence of this substance was demonstrated in the 
pigment epithelium and in the outer and inner limbs of the visual cells, especially 
the former; the fiber layers also took up the stain. No differences were noted in 
the light- and dark-adapted states. Yamamoto ® isolated amylase from rabbit and 
chick retinae; with this retina amylase it was possible to hydrolyze the polysac- 
charides contained in the inner segment of the visual elements. The old concept that 
glycolysis in the retina is similar to that in the body muscles was confirmed. In a 
histochemical study on the retinae of frog, snake, and chick eyes, Yoshizawa 
found that the cone myoids contained the most glycogen, indicating that glycogen 
is stored there to supply energy for the regeneration of visual purple. Dark adapta- 
tion reduced the glycogen content, especially in rod retinae. Potassium cyanide and 
monoiodoacetic acid prevented the loss of glycogen during dark adaptation. Kim- 
ura *’ described a corresponding distribution of mitochondria and glycogen in the 
retina of the rabbit’s eye. Okawa ** demonstrated histochemically the presence of 
lecithin, cephalin, and sphingomyelin, as well as some other fatty substances, in 
frog retinae. The amount of these phosphatides decreased during hibernation and 
after administration of KCN and the sodium salt of cholic acid. 

Kornblueth and co-workers * studied the influence of variations in chemical 
composition of the environment on the glucose utilization of the rat retina. In 
confirmation of old data obtained on other tissues, the authors established that 
glucose was better oxidized by the retina in a medium of rat or human serum than 
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in Krebs-Ringer phosphate solution. In Krebs-Ringer bicarbonate buffer, however, 
glucose utilization reached the same levels as in the rat serum. Addition of organic 
substrates to the Krebs-Ringer phosphate solution markedly enhanced the glucose 
utilization, especially when pyruvate, fumarate, and glutamate were used together. 
Removal of calcium from the serum substitute of Krebs and the replacement of 
sodium by potassium in this medium increased the glucose utilization by the retina. 
This function was abolished when the tissue was disrupted and homogenated by 
grinding, an observation which is in agreement with general experience. In a 
second study,'’® Kornblueth and associates investigated the effects of hormones 
and hormonal deficiency states on the glucose utilization of the rat retina. Differ- 
ences occasionally observed were not considered significant. Their findings indicated 
that glucose uptake by the rat retina was not influenced by thyrotoxicosis ; thyroidec- 
tomy; treatment with propylthiouracil; severe hypoglycemia; diabetes ; adminis- 
tration of epinephrine, arterenol, desoxycorticosterone, or anterior pituitary hormone 
extract, or hypophysectomy. This independence of retinal glucose utilization from 
hormones and hormonal deficiency states is a unique behavior in view of the altera- 
tion of this function in other tissues under conditions similar to those of the experi- 
ment. Since carbohydrates provide the main source of energy for retinal metabolism, 
Kornblueth and Yardeni-Yaron *' undertook a study on the glucose utilization of 
the rat retina under a variety of physiological and pathological conditions. The 
influence of age, dark adaptation, light, elevated body temperature, and various 
diets on this function of the retina was investigated. It was found that none of these 
factors, including prolonged starvation, protein starvation, and vitamin A and 
vitamin B, deficiencies, produced differences in the glucose uptake of the retina. 
Only the rise of body temperature brought about by injections of amphetamine was 
followed by a change, that is, a decrease of glucose uptake, probably a sign of a 
specific depressing action. According to Sugita,’°* dark-adapted retina of the frog 
utilized more oxygen than the light-adapted eye; this did not hold true for 
phosphorus. 

Monophosphoesterase was found by Majima '** almost exclusively in the retina 
and uvea of steer eyes, whereas most of the adenosinetriphosphatase activity 
appeared to be localized in the retina. In frog eyes, acid phosphatase increased with 
light adaptation. In the eyes of chick embryos, acid phosphatase and adenosinetri- 
phosphatase increased about the 12th day and alkaline phosphatase about the 1&th 
day of incubation. [enti and Cafiero'®* isolated an enzyme preparation from the 
calf retina with ammonium sulfate. This preparation acted strongly on inosine- 
5-phosphoric acid and adenosine-5-phosphoric acid, but weakly on adenosine-2- 
phosphoric acid, adenosine-3-phosphoric acid, and diphosphopyridine nucleotides. 
Boric acid inhibited the activity of the adenosine-5-phosphatase. Tests were made 
by Hayano *” for the presence of acid and alkaline phosphatase in the mammalian 
retina of various species (calf, rabbit, guinea pig, chicken, and rat), using glyc- 
erophosphate, deoxyribonucleic acid, ribonucleic acid, and adenosinetriphosphate 
as substrates. The inner segments of the visual cell layer stained more deeply in the 
light-adapted retina than in the dark-adapted state. In histochemical studies on 
the retina, Pau’® employed the redox indicators triphenyltetrazolium chloride 
(TTC) and p-phenylendiamine and observed a strong cytochrome-cytochrome 
oxidase reaction in the nuclei of the neuroepithelium and a maximal TTC reac- 
tion near the inner surface of the retina and around the retinal vessels. Also 
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strongly stained was the nerve fiber layer. This distribution of the products of the 
tested reactions indicates the location of dehydrogenases, ascorbic acid, and gluta- 
thione in the inner layers of the retina and of the cytochrome-cytochrome oxidase 
predominantly in the outer layers of the retina. Koelle’s histochemical technique 
for the identification of cholinesterase in tissue was applied by Francis '’’ to the 
retina of the pig, sheep, rabbit, rat, guinea pig, pigeon, and frog. However, the 
author did not use Koelle’s later modification to differentiate the specific enzyme 
from the nonspecific. In most instances considerable quantities of the enzyme 
appeared to exist only in the region of the internal synapses. Sheep retinae showed 
a positive reaction also in the area of the external synapses. Traces of activity were 
demonstrated in some bipolar cells in sheep and rabbit retinae. 


Shuichi '* studied the influence of adrenal hormones on the metabolism of the 
retina one, two, and four weeks after their injection. After one week a small dose 
of epinephrine increased oxygen consumption, while large doses decreased this 
function, Considerable increases in aerobic glycolysis persisted for as long as one 
month after small doses of the pyrocatechol amine, whereas large doses were with- 
out effect. Oxygen consumption and aerobic glycolysis decreased markedly after 
injections of desoxycorticosterone acetate (DOCA). Similar results were observed 
when cortisone was used. Since the abstract did not contain sufficient information to 
allow statistical analysis, the value of the study cannot be appraised. Supplement- 
ing his previous investigations, Noell '’® reported on the ophthalmological, histo- 
logical, and electroretinographic changes induced by intravenous injections of sodium 
acetate and sodium iodate, The retinal lesions occurring after administration of 
these metabolic poisons were observed in monkeys, cats, and albino rabbits. lodo- 
acetate caused a widespread disappearance of the rod cells within two to four weeks 
after injection, while the cone cells appeared to be more resistant to the metabolic 
poison, The author pointed to the great similarity of the experimentally induced 
damage and the sequence of changes described in the development of retinitis pig 
mentosa. In his opinion, an impairment of the glycolytic process by the action of 
iodoacetate is the principal cause of the degenerative changes in retinitis pigmentosa. 
Sodium iodate affected the rod cell population in a slightly different manner and 
damaged the pigment epithelium more severely than did iodoacetate. In the discus- 
sion of his paper, several objections were raised against Noell’s interpretation of 
these experiments and the comparability of the experimental lesion with the process 
of retinitis pigmentosa. Metabolic and histological studies on the retinae of rabbits 
were also carried out by de Berardinis ''’ after the intravenous injection of 30 to 40 
mg. of iodoacetate per kilogram of body weight. He observed a decrease of the pupil- 
lary reaction to light and, ophthalmoscopically, the development of retinal edema with 
the characteristic pigmentary degeneration, as described by Noell and others. Histo- 
logically, it was noted that destruction of the neuroepithelium preceded more 
advanced stages of atrophy of the retina. Thirty days after the injection, retinal gly- 
colysis was reduced, whereas in the vitreous body the glucose level increased and the 
lactic acid content decreased, These results are interpreted as indicating a specific 
inhibition of glycolysis by iodoacetate. A similar opinion, expressed by Noell, was 
questioned by Dische, who considered it invalid to attribute specific effects to a meta- 
holic poison when it is used in such high concentrations. An additional description 
of degeneration of the outer retina in rabbits induced by intravenous injection of 
sodium monoiodoacetate was given by Karli." 
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In the report of his studies on the preocular film, Vidal ''* discussed the possi- 
ble transformation of lipotropic factors into phospholipids, fatty acid, oleic acid, 
free cholesterol, esters of cholesterol, and neutral fats, which in pathological condi- 
tions are found in this fluid. The similarities of the preocular film and the epidermic 
emulsion are briefly considered by Vidal and Mom,''* but no original results are 
reported, 


In the monograph of Junnola ''* on the properties of human lacrimal secretion, 
two chapters deal with the physicochemical examination of tear fluid, and only this 
part will be reviewed here. By means of a nephelometric technique, the protein 
content in samples of tear fluid was determined in a young and in an older age 
group. The respective figures were 378 and 345 mg. per 100 cc. In view of the 
great variations of the values in individual samples (from 136 to 592 mg. per 
100 ce.) and the size of the series (30 tests), this difference cannot be considered 
statistically valid. The protein content was scarcely influenced by instillation of 
atropine, scopolamine, and Optochin. The question of a relation between the type 
and variety of several conjunctival and corneal diseases and the protein content 
remained obscure, although a decrease of the protein value was suggested in exami- 
nation of eyes with advanced forms of serpiginous ulcer. In this connection, the 
author points to an observation that the protein content seemed to fall with an 
increase of lacrimal secretion. The protein level in tears was determined by Balik 
and Hradecky,''® using the nesslerization process. One hundred samples of tears 
were taken from 25 normal persons. The authors determined the per cent of 
nitrogen in samples of mucin (4.5%) and calculated the amount of mucin in the 
tears. They arrived at the figure of 30 mg. as the amount in normal tear secre- 
tion for five minutes. Since titration methods for the determination of chlorides 
in tears are not suitable, in view of the small quantities involved, Balik ''® applied 
polarographic determinations for this purpose. The small protein content of tears 
was not a disturbing factor. Balik measured an average concentration of 1.007 
gm. of sodium chloride per 100 ce. in a medium quantity of the secretion, indicating 
that the level of the chlorides is about the same as that in the blood serum but 
is adjusted above or below the average value according to local demands. Increased 
secretion was accompanied first by a slight rise in chloride concentration and later 
by its fall. The initial rise in concentration may be attributable to the activity of 
the cell elements of both secretory systems and the solubility of the mucin. These 
data on osmotic pressure of the lacrimal fluid confirm the results reported by 
Revol, Nouvel, and Jaumald,''? who used freezing point determinations and found 
that the lacrimal fluid is isotonic with serum. The value of 14 gm. per liter, accepted 
for the sodium chloride content, thus was not confirmed in the material which the 
French authors used. Similarly, investigations on the conductivity and vapor 
pressure of lacrimal fluid by Pendersen-Bjergaard and Smidt ''* indicated a constant 
osmotic pressure of the secretion, almost equal to 0.9% solution of sodium chloride. 
The pH values ranged around 7.4. 

Using a modified Gomori method, Allen and Friedenwald ''™ carried out an 
extensive histochemical investigation of a number of specific phosphatases ; namely, 
the two phosphatases attacking polyglycol monophosphates (one, A, inactivated 


and the other, B, activated by Mg ions); two enzymes splitting adenosinetriphos- 
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phate with a pH optimum of 9.9 and 8.25, respectively, which the authors assume 
to be pyrophosphatases, and enzymes specifically directed against fructose-1,6- 
diphosphate, creatine phosphate, and adenosine-3- and 5-monophosphate. There 
was no indication of the presence of the nonspecific alkaline phosphatase in ocular 
tissues. The presence and the localization of these enzymes in the individual ocular 
tissues was determined. The enzyme splitting hexosdiphosphate and the two 
enzymes splitting adenosinetriphosphate were found in all investigated tissues 
(lens, iris, ciliary body, cornea, conjunctiva, sclera, choroid, retina, pigment epi- 
thelium, optic nerve). Enzyme A was completely absent in all tissues, and the 
enzyme splitting creatine phosphate was found only in the epithelium of the con- 
junctiva after incubation of 24 hours. Of particular interest is the fact that the 
fructose diphosphate in the lens appeared to be localized in the epithelium and in 
the neighborhood of the cellular membrane of the lens fibers. The presence of the 
enzymes in the nuclei, which was observed under certain conditions, is shown by 
the authors to be an artifact. 

DeRoetth "* examined the oxygen uptake of dissected ciliary processes of a great 
number of steer eyes in air and oxygen and in various suspension media. The QO, 
rose from 2 to 4 when the gas phase was changed from air to pure oxygen. In 
contrast to other tissues, various metabolites influenced the oxygen consumption 
of the ciliary process only in the experiments with pure oxygen. The addition of 
acetylcholine and physostigmine resulted in a considerable increase of the oxygen 
uptake, while pilocarpine and epinephrine were almost ineffective. Dinitrophenol 
in low concentrations caused an increase, in higher concentrations a depression, of 
oxygen utilization. A depressing effect of cyanide was demonstrated when either 
air or oxygen was used as the gas phase. A moderate and somewhat equivocal 
influence on oxygen consumption was observed when metabolites, such as sodium 
succinate, malonate, pyruvate, fumarate, and glutamate, were added to the fluid 
medium. Angenent and Koelle,'*’ in a study of a possible enzymatic basis for the 
differential action of mydriatics on light and dark irides, demonstrated that the 
dopa-oxidase system of the anterior uvea of pigmented rabbits, but not of albino 
rabbits, can cause a high rate of oxidation of epinephrine in the presence of dopa 
(dihydroxyphenylalanine). On the other hand, pigmented and albino rabbits did 
not differ with respect to monoamine oxidase, cytochrome oxidase, cholinesterase, 
or reducing substances. The relative ineffectiveness of mydriatics on dark irides 
might thus be explained by the rapid destruction of the chemical mediator of 
adrenergic fibers by dopa-oxidase. The depressed synthetic impulses could then 
not compete sufficiently in counterbalancing the action of the cholinergically inner- 
vated sphincter muscle. 

Koelle and co-workers,'*' by a newly modified technique, were able to distinguish 
histochemically the nonspecific and the specific cholinesterase in tissues of the cat's 
eye. The specifically acting enzyme was located predominantly in two bands of the 
retina, one in the innermost region of the inner nuclear layer and one in the inner 
part of the inner plexiform layer. In thin sections, the elements which were stained 
in the outer plexiform layer consisted of cell bodies, identified as amacrine cells. 
Sections through the optic nerve showed definite activity in the trabeculae between 
the nonstained visual nerve fiber bundles. The authors assumed that these stainable 
fibers were autonomic. In the anterior segment, the ciliary and iris sphincter muscles 
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and their associated nerve fibers stained deeply for specific cholinesterase activity 
but seemed practically devoid of nonspecific cholinesterase. Rickenbacher '** used 
the methyl green-pyronine and the Feulgen technique to study the distribution of 
ribonucleic acid and deoxyribonucleic acid in individual cells of amphibia and chicks. 
The second part of the study concerned the behavior of the nucleic acids in eye 
tissues of these species during development. RNA was present mostly at the 
surface of the nucleus, in the cytoplasm, and in the nucleolus. It decreased during 
mitosis in amphibia. During the development of the eye the RNA increased, but 
it decreased at the period of differentiation. With respect to DNA, the results 
were less precise and require further investigation. Weitzel and Fretzdorff,'** in 
an extensive study, compared the zinc content of the lens, vitreous, retina, and 
choroid of horse, deer, ox, calf, pig, wild boar, sheep, goat, rabbit, hare, dog, fox, 
marten, weasel, polecat, and cat. The lens and vitreous of all species showed a 
relatively low content of zinc. The choroid was high in zine in cats and rabbits 
and showed the highest values in dog, marten, and fox. The zine content of the 
choroid of pigmented and that of albino rabbits were of the same magnitude. In a 
study of the biological significance of the ocular changes due to prolonged deficiency 
in vitamin E, Corrado '** observed corneal edema and hypesthesia, interstitial kera- 
titis, uveitis, water clefts and opacifications in the lens and degenerative changes 


in the choroidal and retinal vessels. Since the majority of these changes were prev- 


alent in mesodermal tissues, Corrado interpreted them as due to the hydrolyza- 
tion and depolymerization of hyaluronic acid, which was no longer inhibited by 
vitamin E. Thus, he considered the vitamin as a factor regulating the enzyme 
balance of connective tissue and concluded that a deficiency of this vitamin leads to 
the development of “mesenchymopathies,” including the changes noted in the ocular 
mesenchymal tissues. The influence of an experimentally decreased oxygen suppl) 
on various functions of the eye has been studied in the past by several investigators. 
but most recently interest centers around this problem in the field of aviation 
medicine. Bietti '** reports the results of an extensive study in which he produced 
anoxia by letting human subjects breathe air mixtures with an oxygen content which 
approximated the oxygen supply at 13,000 to 26,000 ft. (3,940 to 7,880 meters). In 
addition, relative anoxia of retina and optic nerve was produced by compressing 
the eyes with a Bailliart ophthalmodynamometer. Diagnostically important depres- 
sion of several functions of the visual apparatus by hypoxia was paralleled by an 
improvement of the responses when hyperoxia was induced. This elaborate study 
is mostly of clinical significance. The relation to the physiological chemistry 1s 
obvious and may stimulate new laboratory studies in this field. Such a study was 
published by Swanljung and Giardini,’*® who found an increase in fluorescein perme- 
ability of the blood-aqueous barrier in cats during anoxia. 


VISUAL PIGMENTS 
Section Written By Ruta Huprarp, BroLtocicat LABORATORIES, 
Harvarp University, CAMBRIDGE, MAss. 

Synthesis of Visual Pigments in Vitro and in Vivo.—Last year, in this journal,'*’ 
| reviewed at some length recent work on the synthesis of rhodopsin, the photo- 
sensitive pigment found in the rods of most vertebrates (except fresh-water fishes ), 
and of iodopsin, the cone pigment of the chicken retina. These studies have also 
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heen reviewed by Wald,'** together with experiments on the synthesis of porphyrop- 
sin, the rod pigment of fresh-water fishes. All three pigments are synthesized by 
the combination of one of two types of opsin, derived from rods or cones, respec- 
tively, with a specific cis isomer of retinene, or retinene,. These relations are sum- 
marized in the accompanying Table. The combination of rod opsin with retinene; 
yields rhodopsin; cone opsin and retinene, form iodopsin, and rod opsin and reti- 
nene,, porphyropsin. The same cis isomer of retinene is required in each case. In 
addition, Wald, Brown, and Smith '** have now synthesized a fourth pigment, 
eyanopsin, by combining cone opsin with cis retinene,. The absorption maximum of 
this pigment is at 620 mp (Table). The shape and position of its absorption spec- 
trum agree with electrophysiological measurements by Granit on photopic (cone ) 
vision in the tench and the tortoise. The tench, a fresh-water fish, is known to contain 


vitamin Ay in its retina, and Wald has also found vitamin Ay, in two species ot 
turtle. Cone vision in vitamin-A, animals therefore appears to be mediated by 
cyanopsin, It should be noted that cyanopsin extends the range of absorption spectra 
of visual pigments into the red. This raises the possibility of its role as a “red recep 
tor” in color vision, 

Some of the properties of five stereoisomers of retinene, have been described.'” 
The five known isomers are all-trans; three mono-cis forms—neoretinenes a and b 


Composition and Spectral Characteristics of Visual Pigments 


\bsorption 


Maximum, 
Pigment Protein Cis Retinene Mu 
Khodopsin Rod opsin Retinene 
Porphyropsin Rod opsin Retinenes 
lodopsip Cone opsin Retinene ii 
Cyanopsin.. Cone opsin Retinenes 620 


and isoretinene a—and one di-cis isomer—isoretinene b. Neoretinene b combines 
with opsin to yield rhodopsin; isoretinene a produces a rhodopsin analogue, called 
isorhodopsin. The other isomers do not react with opsin. Rhodopsin synthesis can 
be used as a tool in the analysis of mixtures of retinene isomers, as the combination 
with opsin allows one to detect 1 y or less of neoretinene b or isoretinene a, even 
in the presence of a large excess of the other isomers. 

Collins, Green, and Morton,'*' have extended their studies on the synthesis of 
rhodopsin in homogenates of retinas from frog and rat. They achieve the optimum 
rate and yield of synthesis in the frog when the tissues are incubated in the dark in 
the presence of diphosphopyridinenucleotide (DPN ; cozymase ), nicotinamide, cyto- 
chrome c¢, all-trans vitamin A, ATI’, and Mg**. With rat retinas, supplementation 
only with vitamin A is required. The role of the various components in the frog 
system is obscure. It is clear, however, that both systems must be capable of con- 
verting all-trans vitamin A or retinene to the neo b isomer, as all-trans vitamin A 
was effective in enhancing rhodopsin synthesis.'** 

Hanaoka '** has continued his experiments on the effect of melanophore hormone 
on rhodopsin synthesis in vitro and in vivo. He claims that the hormone increases 
the rate and yield of synthesis in both instances, but it is very hard to know how 
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to interpret his experiments. He works with extremely dilute solutions (optical 
densities all below 0.1, and some as low as 0.005), so that the changes in optical 
density which he measures and takes as evidence of rhodopsin synthesis are very 
small (an increase of 0.003, from 0.0055 to 0.0085, is considered significant), and 
he fails to comment on such extraordinary results as a regeneration of rhodopsin 
to a value 1.53 times that of the dark-adapted control (optical densities of 0.013 
and 0.020, respectively). Allin all, | am not yet convinced that he is really measur- 
ing an effect of the hormone in vivo or in vitro. 

Hagins and Rushton '** have developed an interesting technique for observing 
the course of rhodopsin synthesis in the eye of the decerebrate albino rabbit. It is 
based on the following principle: When plane-polarized light is shone into the albino 
eye, an appreciable fraction is reflected back. Light that is reflected at the lens and 
corneal surfaces retains its polarization, but the rest is reflected diffusely from the 
back of the eye and depolarized. If the reflected light is viewed through a Polaroid 
crossed with the plane of the incident beam, only light is transmitted which has 
passed twice through the retina, and hence twice through the rhodopsin of the rods. 
One can therefore measure the change in rhodopsin concentration in the lining 
retina during light and dark adaptation. Rushton,'** with Brindley, has done 
similar experiments with unpolarized light. Both sets of measurements show that 
after light adaptation the density of rhodopsin in the dark rises linearly for about 
an hour and then levels off very suddenly. The total density change, measured in 
blue-green light, is about 0.2 log unit, implying that about 35% of the light 1s 
absorbed in a single passage through the retina. In both sets of experiments the 
authors find that a light 100,000 times the human threshold does not appreciably 
affect the measured density of rhodopsin; a light 10 times as bright causes fairly 
rapid bleaching. 

Similar measurements have been made by Weale '** in the cat’s eye. He finds 
that the absorption maximum of cat rhodopsin in situ lies at 497 mp, in good agree- 
ment with rhodopsin extracted from the retinae of rats and cattle, but about 5 my 
lower than that of frog rhodopsin. The maximum density of pigment in the retina 
is about 0.1 log unit and is achieved about 30 minutes after the beginning of dark 
adaptation. In a few cats,'** he has also found another pigment, with a maximum 
at 565 mp (iodopsin?), which regenerates completely within about two minutes 
after light adaptation. This behavior is strikingly parallel to the relative rates of 
synthesis of rhodopsin and iodopsin in solution.'** 

Distribution of Visual Pigments.—Kampa '*’ has examined the visual pigments 
from dark-adapted retinae of three marine (plaice, gurnard, and pollack) and two 
fresh-water fishes (trout and tench) to check an earlier report that five species of 
fish have as many different visual pigments. On the contrary, she finds that the 
tench has porphyropsin (maximum absorption at 520 my) in its rods, the trout has 
a mixture of rhodopsin and porphyropsin, and the three types of marine fish have 
rhodopsin alone. 


Collins and co-workers '** have examined the visual pigments of the tadpoles 
of Rana temporaria and Rana esculenta and find only rhodopsin in their retinae. 
This is in contrast to tadpoles of Rana catesbiana, whose visual pigments which in 
the course of metamorphosis change from porphyropsin over a series of mixtures 
of porphyropsin and rhodopsin, to rhodopsin alone in the adult frog.’“* Collins and 
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colleagues, unfortunately, have not analyzed the retinae for vitamins A; and Ag. 
The spectra of the visual pigments which they publish do not exclude the possibility 
that their extracts contained an admixture of porphyropsin. They venture some 
interesting speculations on the role of vitamins A, and Ag, in evolution and the 
possible origin of vitamin A, from B-carotene or other vitamin-A precursors. 
Crescitelli and Dartnall '*’ have extracted rhodopsin from a dark-adapted human 
retina. Its absorption maximum lies at 497 + 2 mp, and the shape of the absorption 
band agrees well with the spectral sensitivity of human scotopic (rod) vision. They 
calculate the optical density of rhodopsin in the retina to be about 0.016. This is 
considerably lower than the values cited above for the cat and the albino rabbit. 


Dartnall '*' has observed that the absorption spectra of rhodopsins from various 
animals, as well as those of porphyropsin, iodopsin, and his “visual pigment 467,” 
from the tench,'*’ have the same shape if plotted against frequency rather than 
against wave length as the abscissa. From this fact, he concludes that all visual 
pigments have absorption spectra of the same shape, and he has constructed a nomo- 
gram which allows one to derive the absorption spectrum of any hypothetical visual 
pigment if one knows its wave length maximum. He uses such spectra to compare 
with visibility curves derived from sensory data in animals from which photosensitive 
pigments have not yet been extracted. It seems to me, however, that he overstates 
the case for the nomogram when he interprets the cone response curves of the frog 
(wave length maximum at 560 mp) and the tench (maximum at 610 mp) as follows: 


rhe curves in fig. 3 are the absorption spectra, calculated from the nomogram of fig. 1, of hypo- 
thetical visual pigments having maxima at 560 m# and 610 me#. Both these curves are too broad 
to fit the sensitivity data. . . . Thus the spectral sensitivity curves . . . cannot be interpreted 
in terms of single visual pigments. 


his may be so, but the poor fit may just as well imply that the theory underlying 
the nomogram chart is not infallible. The recent synthesis of cyanopsin has, in fact, 
yielded a pigment which fits remarkably well with the cone sensitivity curve of 
the tench,'** 

Structure and Molecular Extinction of the Rhodopsin Chromophore.—Collins '* 
has done an interesting experiment concerning the attachment of retinene to opsin 
in rhodopsin. In bleached solutions of rhodopsin, retinene is found combined with 
amino groups on opsin. (This combined form of retinene has been called “indicator 
yellow.” ) This situation could arise in one of two ways: Either (a) retinene is 
attached to amino groups in rhodopsin and the bond remains intact during bleach- 
ing, or (>) retinene is bound in some other way in rhodopsin, but on bleaching 
attaches itself to free amino groups on opsin. Collins has distinguished between these 
possibilities by bleaching rhodopsin, which has had its free amino groups masked 
with formaldehyde. In situation a bleaching should still release retinene as the 
amino complex ; but in the case of b retinene will be uncombined because all the 
amino groups are already covered by formaldehyde. Collins’ experiment shows 
clearly that retinene also under these circumstances exists as the amino complex 
He therefore believes that the rhodopsin chromophore contains retinene attached 
to an amino group on opsin. As supporting evidence, he also shows that the com- 
pound of retinene with methylamine yields a rhodopsin-like spectrum upon treat- 
ment with antimony chloride. 
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Wald and Brown '** have measured the molar extinction coefficient of rhodopsin 
in a new and more reliable way. They have avoided many of the technical difficulties 
encountered in previous determinations by measuring the extinction of all-trans 
retinene oxime formed on bleaching rhodopsin in the presence of a large excess of 
hydroxylamine. [he extinction coefficient of the oxime can be measured with much 
greater accuracy than the extinction coefficient of the amino complexes which retinene 
otherwise forms with opsin (preceding paragraph). They find that the extinction 
of cattle rhodopsin per mole of retinene is 40,600 sq. cm. It has recently been shown 
that cattle rhodopsin contains only one retinene unit per molecule.’** This is there- 
fore also the molar extinction coefficient of rhodopsin. A number of years ago, 
Schneider, Goodeve, and Lythgoe '*® evaluated the product of the extinction coeffi- 
cient and the quantum efficiency for bleaching rhodopsin to be 23,700 sq. cm. per 
mole. Considered together with the new data of Wald and Brown, this implies 
a quantum efficiency of bleaching of 0.58. The authors suggest that this is due to 
partial resynthesis of rhodopsin from the intermediates of bleaching. 

Ultrastructure of the Rods and Cones.--Wald** had published a number oi 
photomicrographs of frog rod outer limbs and reviewed what was known about their 
functional organization before Sjostrand’s 7 beautiful analysis of rod and cone struc- 
ture with the electron microscope. Sjostrand’s studies reveal an amazing degree of 
regularity in the structure of these photoreceptors. In the guinea pig, the rod outer 
limb consists of a regular stack of membranes, 1,400 in all, which are connected in 
pairs to form “double membrane discs.” The thickness of each membrane is 30 A,t 
and that of the entire disc, about 140 A. The 700 discs are stacked at a density of 
about 40 dises per micron. The total membrane surface per rod is about 4,500 sq. p 
The rod outer limb of the perch is organized along similar lines. Here the mem- 
branes are 8O A, and the discs 240 A thick. There are about 31 discs per micron 
and about 1,400 discs per rod. The total membrane surface is about 4,600 sq. » per 
rod. In perch cones, the pattern is similar, but the membranes are much thicker 
than in the rods (about 170 A) and are not associated in pairs. There are about 
33 single membranes per micron and 800 per cone. The total membrane surface is 
about 4,700 sq. » per cone. 


It may be significant that the membrane surface is about the same in all three 
receptors. Sjéstrand thinks that the lipids of the rod outer limb (about 40% of 
the dry weight) are concentrated within the compartment enclosed by the double 
membrane and that the membrane itself consists of protein. 


Each double membrane disc bears an incision, and these are lined up to form 

a longitudinal fissure in the outer limb, which may contain fibrils connecting it 

. with the inner limb. The inner limb contains the ellipsoid, which seems to con- 
sist mostly of mitochondria. These are usually associated with the biosynthetic 

functions of cells. The apical portion of the inner limb may therefore act as a 

metabolic center of the rod. The outer and the inner limb each is surrounded by a 

membrane also along the contiguous surfaces. They are thus entirely separate 

except for a small bundle of connecting fibrils. In the inner limb, the fibrils estab- 

lish close connection with the mitochondria and with a single, larger fiber, the 
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“inner segment fibril.” Sjostrand thinks that light absorption and excitation prob- 
ably occur within the membranes of the outer limb, the excitation being transmitted 
hy the fibrils to the inner limb, where the mitochondria may supply the energy for 
further conduction, This idea, of course, is only speculation, but the remarkable 
state of organization revealed in Sjostrand’s electron micrographs must tempt even 
the soberest among us to flights of fancy. 

Spectral Sensitivity and Color Vision.—(a) Electrophysiological Measurements : 
Wirth '** has derived scotopic visibility functions of the cat and albino rabbit from 
the spectral sensitivity of the electroretinograms. His measurements for the cat 


agree with those for the human scotopic function and with other electrical and 
behavioral data obtained with cats. His curve for the albino rabbit, however, is much 
narrower and shows an enhanced sensitivity in the red. He suggests that the 


increased red sensitivity may be due to an admixture of cones. The narrowness of 
the visibility curve is, however, hard to explain. His suggestion that it may be due 
to a very low concentration of rhodopsin is not supported by Rushton’s estimate 
of the rhodopsin content of the albino rabbit's retina.§ 

Rushton '’ has identified the retinal “elements” from which Granit has been 
recording electrical responses as giant ganglion cells both in the cat and in the 
frog. This implies that Granit’s measurements have been made at a level con- 
siderably more complex than the receptors. Rushton points out that these animals 
must therefore sort and condense information received by the receptors already 
at the retinal level. This is not true of the primate fovea, which sends fibers via 
the midget bipolar cells directly to the brain. He suggests that this may be the 
reason why optic nerve records corresponding to our own sensations are more 
frequently obtained in the king crab, Limulus, whose optic nerve fibers come 
straight from the receptor cells, than in the frog or cat. 


In a discussion of the problem of excitation,'*® Hartline suggests that the 
electrical response of the receptor should not be considered as the first expres- 
sion of light absorption, since it exhibits latencies up to several tenths of a second 
(following a millisecond flash) and starts abruptly as though preceded by a build-up 
of something else. 

Autrum '"' has reviewed some of the electrophysiological literature, particularly 
in insects. The electroretinogram (I7RG) of these animals resembles that of the 
vertebrate eye in every detail. But whereas man has a flicker fusion frequency of 
30 to 40 flashes per second, bees and flies exhibit frequencies up to 300 per second. 
\utrum suggests that this may be a physiological adaptation to compensate for the 
large size of the ommatidia in the insect eye, which gives bees only about one- 
eightieth the spatial resolution of cone vision in man. Their high flicker fusion 
frequency provides them with a method of temporal discrimination which may enable 
them to scan the image rapidly in television-projector fashion. This effect is further 
enhanced by a very rapid course of dark adaptation. The great reactivity is abolished 
by removal of the optic ganglia, which renders the response of flies and bees more 
sluggish, and comparable to that of other insects (grasshoppers, dragonfly larvae, 
ete, ). 

(ittoson and Svaetichin'’? have started an interesting series of experiments 
trying to discover by the use of ultramicroelectrodes (about 1 » diameter) the site 
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of origin of the ERG within the retina. They find that an ERG of the usual type, 
containing all three normal components, arises in the receptor layer itself (rods 
and cones). It can be recorded between electrodes one of which is placed on the 
vitreous surface of the retina, and the other anywhere between the outer limiting 
membrane and the distal end of the receptors. Dark-adapted eyes (frog) give a 
large positive deflection in the ERG, but light-adapted eyes show only negative 
deflection."** The authors conclude that the positive component is due to rods and 
the negative component to cones. Records from within the receptor layer often 
give only one or the other type of response, suggesting to them that they may be 
recording from small clumps of receptors containing primarily rods or cones. With 
even finer electrodes (0.05 » tip), Svaetichin '** has observed potentials arising at 
the level of the cone myoids of isolated fish retinae (bream and perch). There is 
no significant change of amplitude with the state of cone adaptation. The ampli- 
tude of the response, however, varies with the light intensity, a finding which he 
interprets to mean that the all-or-none law does not hold for the receptors. The 
data, however, do not force this conclusion, as he does not claim to be recording from 
single cones. Svaetichin has aiso examined a number of other visual phenomena. 
The most challenging experiments involve an attempt to record spectral sensitivity 
curves from individual cones, or small groups of cones. Svaetichin believes that 
he can distinguish three main types of cones, with sensitivity maxima at 450, 550, 
and 600 mp, respectively (the last with a secondary hump at 650 my), in approxi- 
mate agreement with the three color primaries postulated by the Young-Helmholtz 
theory of color vision. More experiments are needed to establish this claim, which 
opens new and fascinating possibilities for exploring the phenomena of color vision, 

Donner '** has studied the spectral sensitivity of the pigeon with Granit’s micro- 
electrode technique (tip diameter of about 10 »), recording from the giant ganglion 
cells of the retina.'’’ His scotopic curve agrees well with the absorption spectrum 
of rhodopsin. At photopic brightness levels, he finds three or four types of modu- 
lators, which he thinks can be combined to give a photopic dominator curve.|| Both 
types of photopic response curves are, however, shifted to the red as compared with 
the spectral responses of the frog. This is presumably due to selective absorption of 
blue and green light by the cone oil droplets of the avian retina. These droplets 
lie between the inner and the outer segment and thus filter the light reaching the 
outer segment. The next year or two will probably show whether it is right to 
think of the photopic dominator curve as a composite of individual narrow modulater 
responses. The two cone pigments extracted and synthesized by Wald, Brown, 
and Smith © both fit the so-called dominator functions reasonably well. It is there- 
fore likely that individual cones can give the dominator response, ‘There may be 
other cones which give modulator responses. Alternatively, responses from cones 
containing iodopsin or cyanopsin (either of which has a broad, dominator-like 
spectrum) may be somehow modified to produce the narrow modulator curves 
recorded by Granit and Donner. 


“Modulator” and “dominator” are terms introduced by Granit to distinguish two types 
of cone response as recorded electrically from the retinal ganglion cells. “Modulators” respond 
over a narrow region of wave lengths and therefore exhibit sharply peaked spectral sensitivity 
curves. “Dominators” exhibit a broad sensitivity curve, as in rod vision 
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(b) Psychophysiological Measurements: Stiles '°* has published a review of his 
measurements of the spectral sensitivities of three cone mechanisms—blue, green, 
and red. These are obtained by studying the effect of selective adaptation with 
colored lights on the increment threshold (A 1) at various wave lengths. His cone 
mechanisms have maxima at about 440, 550, and 590 mp, respectively, and have 
broad (dominator-like) sensitivity curves. 

Weale # has measured spectral sensitivity and color discrimination in the fovea 
and at eccentricities of 10, 15, 25, 45, and 70 degrees. In all these locations the 
curves exhibit enhanced sensitivities in three spectral regions—orange, green, and 
blue-violet—suggesting that three principal mechanisms are present and equally 
active over the entire retina. But wave length descrimination falls off markedly in 
the peripheral retina. Weale postulates that the loss of color discrimination is due 
to a convergence in the anatomical and physiological connections at a level behind 
the primary photoreceptor process. He has also measured the spectral sensitivity of 
three cone monochromats between 420 and 700 myp."** Their sensitivity functions 
are somewhat narrower than those for two normal observers, but not strikingly so 
Here, too, he concludes that the deficiency in the color-mediating mechanism is 
located at a higher level than the photoreceptors, since the actual light-absorbing 
mechanisms seem to be fundamentally similar in all observers 


Reviews.—Geldard’s “The Human Senses” '° includes four chapters on vision 
Symposia on the physiology of vision have also been published in the British Medical 
Bulletin and in Acta physiologica scandinavica. A number of contributions from 
both journals are reviewed above.* The fourth Josiah Macy, Jr. conference on the 
nerve impulse includes a discussion on vision by Wald,'* with comments by Hart- 
line, Barlow, Nachmansohn, and others. There has also been a review on the 
biochemistry of vision in Annual Reviews of Biochemistry'*™ and in Federation 


Proceedings.'** Wald '** has also written a review on the metabolic role of vita- 


min A, particularly in vision. 
# References 157 and 158. 
* References 141, 150, 156, 158; 134, 149, and 153. 
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Malignant Lymphoma with Ocular Involvement. Dr. IsApore GivNer. 


A woman, married, age 49, presented herself Dec. 10, 1951, with a history of 
having had acute pancreatitis three months previously, at which time the vision of 
the left eye was affected. Since then the vision in the right eye had also not been 
clear. 

The right eye showed nongranulomatous uveitis. Vision was still 20/20—. 

The left eye was normal except for the vision, which was 20/200, and an ele- 
vated mass in the macular area. With it were some subretinal fluid and three smaller 
lesions below the main one. The lesion could be transilluminated well. 

The complete examination of the patient was negative. Subconjunctival injec- 
tions of cortisone produced no change in the right eye, but the appearance of the 
left macula was markedly altered. The lesion disappeared, leaving pigmented degen- 
erative areas. Vision improved gradually until on May 16, 1952, it was 20/25 

The patient was concerned about her right eye and asked for a consultation with 
Dr. Alan C. Woods. His examination showed no general condition other than a 
3+- reaction to one strain (out of 28 strains) of subgroup A of the beta hemolytic 
streptococci. He advised intravenous desensitization. This was begun June 20, when 
0.1 cc. of first strength was given. 

The following day styes appeared on the lids of both eyes. One week later a 
swelling of the left parotid gland occurred. Biopsy showed inflammatory tissue. At 
this time all the lymph nodes over the body were enlarged. After x-ray treatments 
the left parotid area returned to normal. As the patient felt that there was some 
connection between the intravenous vaccine and her general condition, no further 
intravenous Streptococcus vaccines were given. 

On Sept. 28, the patient developed weakness of her left arm, left facial paralysis, 
and ptosis of the right upper lid, associated with stupor. At operation a brain tumor 
was found in the left temporoparietal region ; the neurological findings must, there- 
fore, have been due to the distant effects of pressure. The undifferentiated malignant 
growth removed resembled reticulum cell sarcoma. The patient did not do well until 
given intravenous injections of nitrogen mustard, 8 mg. daily. Remarkable improve- 
ment then occurred, and the patient later walked out of the hospital, feeling well. 

On Dec. 17, 1952, metastatic lesions occurred in the bulbar conjunctiva of both 
eyes, as well as in the skin of the chest. Biopsy showed reticulum cell sarcoma. 

At this point the question as to whether the Streptococcus vaccine could have 
hastened the generalized involvement demanded clarification, That the Strepto- 
coccus has been linked to lymphosarcoma is attested to by the history of Coley’s 
vaccine. Busch, in 1868, noticed that lymphosarcoma occasionally disappeared if the 
patient contracted erysipelas. In 1881 Fehleisen discovered the Streptococcus ery- 
sipelatis and inoculated human patients with this culture to make lymphosarcoma 
regress. 


641 


VU. A. ARCHIVES OF OPHTHALMOLOGY 


William b. Coley, in 1884 at the New York Hospital, noted 10 cases of lympho- 
sarcoma in which the tumor permanently disappeared after the patient acquired 
erysipelas. In 1891 he tried killed cultures of Str. erysipelatis, but this vaccine was 
too weak. In 1892 he utilized a fact uncovered by Rogers at the Pasteur Institute, 
namely, that Bacillus prodigiosus (Serratia marcescens) increased the virulence of 
other organisms, and he used Coley’s mixed toxins of both the Str. erysipelatis and 
prodigiosus. 

Bradley L. Coley, his son, today finds that 50% of patients with reticulum cell 
sarcoma treated with radiation and Coley’s vaccine are alive after five years. In a 
ase cited in his book, “Neoplasms of Bone” (page 338), a patient with this condi- 
tion, who had already had metastases to the spine, scalp, and clavicle, was treated 
only with Coley’s vaccine and was well, 21 years later. 

\ piece of the skin taken for biopsy in the case presented this evening was placed 
in the anterior chamber of the eye of a rabbit but did not grow. This lack of growth 
in malignant lymphoma was also the experience of Dr. Harry S. N. Greene, of Yale 
University, who initiated this type of experimentation to help in differentiating 
anaplastic tissue. The tissue did not grow even after the rabbit was given intra- 
venous Streptococcus vaccine of the strain the patient was sensitive to. 

Nitrogen mustard again made the patient’s lesions disappear. The patient's 
course was then downhill. The vitreous of the right eye became cloudier. A subcon- 
junctival salmon-colored chemosis developed in the left eye. The patient died May 
19, 1953. 

Complete autopsy, including examination of both globes, was procured. The 
vitreous of the right eye showed many inflammatory cells—polymorphonuclear leu- 
cocytes, lymphocytes, and plasma cells—but in all serial sections the vitreous in the 
region of the ciliary body showed well-preserved cells with larger nuclei than in the 
other cells of the vitreous. 

In the left eye a marked subconjunctival infiltration of lymphomatous cells 
invaded the superficial sclera and extended into the cornea. The macula of the left 
eye showed subretinal transudate and a marked thickening (six times the normal ) 
of the lamina vitrea, suggestive of a degenerative lesion. 

Subsequent skin testing of two other patients with lymphosarcoma (generalized ) 
showed no sensitivity to the vaccine to which the patient in question was sensitive. 

Conclusion.—Any relationship that might seem to exist between the injection 
of the Streptococcus vaccine and the precipitation of the reticulum cell sarcoma was 
purely coincidental. 


Lymphomatous Tumors of the Eye. Dr. Jonn S. MecGavic (by invitation) 
Mawr, Pa. 


This paper was concerned with a follow-up study of 20 of 21 patients with lym- 
phomatous tumors involving the eye and its adnexa. In 1942 a report of these 
patients was published after an average follow-up of four years. This, the second 
report, represents a follow-up of 15 years. In each case there was biopsy material 
from the ocular lesion, as well as from any remote tumor available. 


It is to be emphasized that the lymphomatoid diseases are interrelated and may 
be transmitted from one type to another, with or without leukemia. 

Of the 20 patients, 5 are alive today, only | having evidence of disease. Five 
patients died of conditions other than lymphomas, after an average of 15.5 years. 
Fourteen of the tumors were primary in the region of the eye, and 7 remained local- 
ized until 1953 or until death from other causes. The seven patients with tumors 
primary in the region of the eye which later spread survived an average of 9.8 years, 
while those with generalized lymphosarcoma before an ocular tumor appeared sur- 
vived only 4.6 years. The survival rates according to cell types were as follows: 
lymphocytic cell, 13.6 years; giant follicle, 13.0 years; reticulum cell, 7.2 years. 
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It was found that the clinical appearance of the eye was the same for those who 
lived as for those who died. The histologic appearance of the subconjunctival 
tumors was not reliable for prognostic purposes. In general, the prognosis is better 
than is generally believed. 

DISCUSSION 

Dr. GeorGeE Merriam: I wish to emphasize only a few important points 
and discuss the treatment briefly. 

Follow-U p.—One of the outstanding features of this series is the length of the 
follow-up period. A larger series was reported in 1949 (Heath), but the period of 
observation was not of sufficient length to allow valid conclusions to be drawn as 
to the ultimate course of the disease. It is well known by those interested in the 
cancer problem that the number of survivors decreases with each five-year period of 
observation. It is this fact that makes a regular follow-up program of a single group, 
such as this, of such vital importance if we are to learn the true nature of this or 
any similar disease. The tendency for the disease to start as a localized process and 
later to become generalized is appreciated only by such long-term observations, It 
is this feature also which makes it impossible to speak of cures when one is reporting 
a series of patients with carcinoma. Rather, one can speak only of survivors living 
with or free of disease for a given period. In reporting deaths, it must be stated 
whether the patient died of the disease or from other causes, with or without known 
disease. 

Biopsy.— Another important feature of Dr. McGavie’s series is the fact that biop- 
sies of all the lesions were made. This is essential for diagnosis, classification, and 
planning and evaluation of therapy. It is to be urged that biopsy be made of all 
tumors, no matter how typical they may appear clinically, for the only truly valid 
series are those in which microscopic examinations have been done. As new sites of 
involvement appear, biopsy of these, too, must be made, for lymphomas may vary in 
type from site to site. Biopsy affords the only true means of studying the course of 
the disease. 

During the past six years at the Institute of Ophthalmology we have treated 32 
patients with various types of ocular lymphosarcoma. Twelve were men and 20 
women, with an average age of 59 years. The disease was located in the orbit in 
23 cases, in 4 of which it was primarily in the lacrimal gland ; in the subconjunctival 
tissues in 7 cases ; in the lid in 1| case, and in the lacrimal sac in 2 cases. Biopsies 
were done on all patients, and the pathologic diagnosis was lymphocytic cell type in 
14 and reticulum cell type in 12; in the remainder no cellular diagnosis was made. 
In 14 of the cases the ocular involvement was only part of a generalized process. 
In 18 cases there was no other evidence of the disease. The period of observation 
ran from 2 months to 614 years, with an average of 27.3 months. This period ts 
too brief to allow one to draw conclusions. However, in this period three have died 
of their disease and eight are known to be living with disease. In all these cases the 
ocular involvement was only part of a generalized process. None of the patients 
presenting ocular lymphosarcoma alone have as yet developed other manifestations 
of the disease. It is certain, however, that further observation will alter this situa 
tion . 

Treatment.— The excellent response of these lesions to irradiation is well known 
and requires no discussion. The main concern with the ocular tumors is the protec- 
tion of the uninvolved structures. 

Lid: When only the lid is involved, the eye can be shielded without difficulty. 

Conjunctiva: When the neoplasm involves the subconjunctival tissues, the prob 
lem of protecting the uninvolved portion of the eye becomes more difficult. 

A 50-year-old woman with known ge neralized disease was first noted, on Sept. 
11, 1952, to have a mass involving the left nasal bulbar conjunctiva of the left eye, 
which biopsy showed to be a lymphocytic cell lymphosarcoma. At that time she 
received 30 mg. of triethylene melamine, a form of nitrogen mustard, in divided 
doses, and x-ray therapy to the eye was delayed in order to observe the effect on 
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the ocular lesion of treatment with this drug. The tumors elsewhere regressed, but 
the conjunctival mass remained unchanged; therefore, on Feb. 9, 1953, the area 
was irradiated, the following factors being employed: 220 kv.; 20 ma.; 0.5 Cu plus 
1.0 Al filters; 35 em. T.S.D. to the lids and 50 em. T.S.D. to the lacrimal sac and 
the nasolacrimal duct ; 500 r to alternate portals twice a week for six times, making 
a total dose of 3,000 r X 2. The total dose was 2,000 r to the anterior portal and 
3,000 r to the temporal portal. A plaster cast was made of the patient’s face, and 
on this a lead shield was molded. By having the patient look to her left, the globe 
was protected by the central shield and only the tumor mass was irradiated, 

Orbit: The incidence of orbital involvement in our cases is considerably higher 
than in other series, Orbital tumors are, however, amenable to therapy provided the 
globe is adequately shielded. Whether this tumor is more prevalent than formerly, 
or whether we are more aware of it, is unknown. However, according to Dr. A. B. 
Reese, in the pathologic files of the Institute of Ophthalmology in New York, 
lymphomas now rank second to hemangiomas as the cause of exophthalmos. A 
plaster cast of the patient’s face is made and a lead mask prepared, as previously 
described, ‘The area to be treated is outlined on the patient’s face with eyebrow 
pencil and the mask cut accordingly. The exact type of cut-out and the direction of 
the patient’s gaze will vary, depending upon the area to be treated. ‘To date, none 
of the patients have shown any evidence of radiation injury to the globe with the 
doses and the shielding employed. 

Summary.—Dr. MeGavic has made an outstanding contribution to our under- 
standing of lymphosarcoma, not only as it affects various ocular structures but in 
its relationship to the generalized process. | would again urge you to insist upon a 
biopsy and to follow your patients indefinitely whenever possible. Irradiation is the 
treatment of choice, and with adequate protection a satisfactory response can be 
anticipated. 

Dkr. Henry D. DiamMonp: I think we can reemphasize some of the points brought 
out both in Dr. MeGavie’s paper and in Dr. Merriam’s discussion. First, about 7% 
of all recordable cancer falls in the region of the lymphoma and leukemia grouping. 
\s you probably realize, as in all cancer, the most effective period in which treatment 
can be instituted is in the early, or localized, phase of the disease. | can restate a 
second fact that Dr. MeGavie brought out, and that is that not infrequently any 
one of the particular histologic varieties, such as Hodgkin’s disease, in the categories 
of paragranuloma, granuloma, or sarcoma and lymphosarcoma, beginning with giant 
follicle lymphoma and going all the way through diffuse lymphosarcoma and _retic- 
ulum cell sarcoma, can be unicentric in origin. It is a well-known clinical observa- 
tion that these diseases in time tend to disseminate, so that in our treatment of the 
disease we should attempt to make a clinical classification and assessment of the 
patient at the first observation of the case in terms of Categories I, II, or IIT: (1) 
those which fall into the category of unicentricity, without blood changes or other 
alterations ; (II) early beginning generalizations, though still with regional localiza- 
tion of the disease, and, finally, (II1) the universal category, in which all patients 
with leukemia will obviously fall. I would hold, indeed, that the treatment of choice 
in all varieties of lymphoma should be that of radiation—certainly, in Category 
I, in which, theoretically at least, cure is a possibility with adequate obliterative radi- 
ation therapy. All too often the clinician tends to treat just to the point of disappear- 
ance of disease tissue, even in patients who have unicentric or monofocal disease, 
without, therefore, giving the patient a chance of at least sterilization of the particular 
focus and long survival. I make this statement because in clinics where large num- 
hers of lymphomas are seen, the patients who fall into the early, unicentric group are 
the ones who go on to have the largest five-year survival rate. At one time the theory 
was promulgated that perhaps the survival rate could be assessed from the point of 
view of the microscopic appearance of the tumor, to which Dr. MeGavic made refer- 
ence. I do not believe, however, this can be correlated with the clinical aspect, since 
in certain instances, irrespective of the type of disease or of the nature of treatment, 
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long survival has occurred, but oftener than not, irrespective, again, of the histologic 
nature of the tissue, if the process is still localized to a single focus, adequate 
radiation therapy may well produce long survival in the patient. 

No reference has been made here to some of the chemical agents used in the 
treatment of this group, except for nitrogen mustard. As you realize, there is now a 
great field having to do with the chemotherapy of cancer. This plays an important 
role in the study and treatment of lymphomas and leukemias, where the testing of 
chemotherapeutic agents can be done most successfully, because at all times there is 
material at hand for biopsy, and the normal evolution of the disease can be studied 
with reference to the effect of a chemotherapeutic agent. Reference was made by 
Dr. Merriam to triethylene melamine, a nitrogen-mustard-like compound by virtue 
of its ethylene-imine moieties. Its value is that it is given orally, in contradistinction 
to nitrogen mustard, which must be given intravenously. In the leukemias we have 
another fruitful testing ground for chemotherapeutic agents. Here we have agents 
which are the antagonists of normal metabolic functions themselves, and so can be 
used successfully in acute leukemia. These agents are essentially the antagonists of 
purine or folic acid. Cortisone and corticotropin, which influence the hormonal 
environment of the cell, have been tried, successfully. The eye, in my opinion, is no 
different from any other part of the body with lymphoma, since lymphomas can 
occur anywhere in the body. 


The Eye and the Orbit in Trichinosis. Dr. S. kk. Goutp, Detroit (by invitation). 

Since the ophthalmologist may be consulted early in trichinosis, often as the 
first physician, it is important that he be familiar with the ocular manifestations of 
the disease. These manifestations are chiefly the result of invasion by the larvae of 
Trichinella spiralis of the extraocular muscies, their development and encystment in 
the muscles, and the accompanying edema and inflammation in the muscles and 
adjacent ocular structures. Common symptoms, often occurring early, include 
edema of the eyelids and conjunctiva, frontal or supraorbital headache, conjunctivitis, 
hemorrhage in the bulbar conjunctiva, and pain on movement of the eyeballs. Of 
frequent occurrence also are retinal edema, hyperemia, and short linear hemorrhages. 
In an epidemic of trichinosis involving 60 soldiers, reported by Schmidt (Alin, 
Monatsbl. Augenh. 110: 73-79, 1944), linear retinal hemorrhages were seen rarely 
in mild infections (2 of 24) but in the majority of severe infections (21 of 36 
patients). In 12 of 15 patients who died, such hemorrhages were seen during life. 
Their clinical detection, therefore, may be regarded as of prognostic value. 

In the literature only two instances have been encountered in which a human 
eye has been microscopically studied in fatal trichinosis. In one of these (reported 
by Schmidt) iron deposits were present in the retina; these were believed to have 
been related to small retinal hemorrhages seen during life. The other, reported by 
Herrenschwand (von Graefes Arch. Ophth. 119: 374-385, 1927-1928), showed 
conjunctivitis, heavy trichinous myositis of the extraocular muscles, minute retinal 
hemorrhages, and focal retinitis, and within 6 of 10 focal inflammatory areas in 
the retina a young Trichinella larva. 

In an experimental study, we fed 4 rabbits and 13 white rats heavy or lethal 
doses of Trichinella larvae and histologically examined the ocular structures at 
various intervals up to 33 days after feeding. 

In rats that died at two days of diarrhea, extreme dehydration was reflected 
in the ocular apparatus by drying of the secretions in the conjunctival sacs and 
by precipitation of the secretion of the lacrimal glands, as seen in section. Edema 
of the eyelids and conjunctivae in rabbits was observed and photographed during 
life. In the microscopic sections, edema was regularly noted and was frequently 
accompanied by inflammation, not only in the eyelids and conjunctivae, but also 
in the extraocular muscles, the connective tissues, and the choroid. The experi- 
mental findings indicate that, in addition to the extraocular muscles, the other 
ocular structures may be expected frequently to show pathologic changes in 
severe trichinosis. 
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DISCUSSION 


Dr. Harotp W. Brown: As Dr. Gould has pointed out, trichinosis is one of 
the most important public health parasitic diseases. He mentioned that approxi- 
mately 25% of us are going to have this infection before we go to our graves. In 
New Orleans they found that 3.5% of the population were infected. In Rochester, 
N. Y., 17.5% of a series were found at autopsy to harbor the infection, and in Boston, 
27.0% ; in New York we recently had &4 cases in which the infection came, not from 
poorly cooked pork chops, but from the wursts. Here in New York this infection 1s 
due largely to the habit of people from Central Europe of eating prepared wursts 
and sausages without cooking. What is the chance of getting infected meat? 
In Philadelphia, Dickman (Dickman, A.: Trichinosis: Distribution of Trichinella 
Spiralis in Pork Products Sold in Philadelphia, J. Lab. & Clin. Med. 23: 671-080; 
1938) found that 1.6% of the pork chops and 9.5% of the sausages were infected. 
Schwartz (Schwartz, B.: Freedom from Viable Trichinae of Frankfurters Prepared 
Under lederal Meat Inspection, Proc. Helm. Soc. Wash. 6: 35-37, 1935) found the 
Trichinella cysts in 1.0% of 1,118 frankfurters examined. You will see that we have 
here a real problem in public health. As ophthalmologists, we can diagnose it, but 
we have several other techniques which will help to confirm the diagnosis early in 
the disease. We have an intracutaneous test, and it is probably 90% accurate. It 
becomes positive about the 14th day, and a positive test on the 15th or loth day is 
significant. We do not wait for the 14th day, because a negative test followed later 
by a positive test is most significant. At the New York City Department of Health 
we do a complement fixation test and a flocculation test ; here, again, we do the tests 
immediately on suspecting the diagnosis, for a negative test turning to positive 1s 
very suggestive. 

We have no specific chemotherapy, only supportive treatment. .\ number of 
years ago a piperazine compound was used, and it looked as though it might be of 
some value. We have been trying out a large number of piperazines on infected 
mice, and eventually one of them may prove to have some value; but you can see 
from Dr. Gould’s slides that it is very difficult to get at the adult worm, which is 
embedded in the intestinal mucosa. That is our real problem. 

Control is really very simple. All one has to do is to cook one’s pork, and cook 
it thoroughly. Theoretically, sausage or wurst as it is obtained from the butcher is 
supposed to have been processed to kill the larvae, but practically this has not always 
been done, The real control consists in controlling the infection in hogs, and the 
way to do that is to cook the garbage fed to hogs ; some 41 states have such a regu- 
lation, for it is through the eating of this 1.6% of pork chops and 9.5% of sausage 
scraps that the disease is spread from one hog to another. We know the diagnosis ; 
we have no specific treatment, and what we have to depend on is individual control 
through cooking and mass control through the cooking of garbage. I noticed 
that Dr. Gould has a recent paper out suggesting the protection of pork 
through certain irradiative processes, which may be the final solution (Gould.s. EF. ; 
Gomberg, H. J., and Bethel, F. H.: Prevention of Trichinosis by Gamma Irradia- 
tion of Pork as a Public Health Measure, dm. J. Pub. Health 43: 1550-1557, 1953). 

Dk. EKpwarp Bassen: Dr. Gould, it has been a great pleasure to listen to your 
presentation of what | should call a fascinating and intriguing subject. If 1,000,000 
people become infected with trichinae yearly, and if the eye symptoms are the most 
prominent in 45% of the patients who manifest the disease, it behooves us to be 
on the lookout for this infection. I should like to present three cases which 
Dr. Perera and | have seen within recent years in our office. Those who were at 
the Iekye and Ear Infirmary will remember this disease, for it was one of Dr. Ver- 
hoetf’s favorite diagnoses. As young residents we used to be amazed, the first, 
second, or third time, by his looking at this characteristic periorbital edema and 
making the diagnosis of trichinosis. In these cases the blood cell count would show 
40 to 60% eosinophiles. Once you have seen the very characteristic eve picture, 
you will never again miss the diagnosis. 
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In my medical student days we were still being taught that in a diagnostic 
problem one should think of syphilis. I suspect that nowadays a medical student 
never sees a case of syphilis, and | think trichinosis has taken its place as the 
chameleon of diseases. It can take the form of almost anything. If you would buy 
one of the bottles of patent medicine they used to sell 40 or 50 years ago and read 
the list of diseases which that magic cure-all would take care of, you would find 
listed there all the diseases which trichinosis can imitate. The literature on the 
subject is most varied. It is a moot question in theological schools whether the 
Mosaic prescription against the eating of pork was made because the ancient 
Hebrews actually knew about trichinae, and as yet it has not been settled. In 1950 
The New \orker had a fascinating article on trichinosis. 

The first case was that of a man of 25 who came to the office complaining of 
swelling of his lids. He had no pains or aches, was not ill, and had what I call the 
characteristic appearance of periorbital edema. He had 44% eosinophiles but never 
presented any other symptom. Three months later he still had 35 or 40% 
eosinophiles, and then he disappeared. There were no localizing symptoms. 

The second case, that of a woman of about 35, was a patient of Dr. Perera’s. 
She came in with the characteristic edema, which was so severe that she had an 
actual exophthalmos of one eye. Dr. Perera sent her to her family physician. Her 
temperature was 103 or 104 F.; she was very ill and was admitted to the hospital. 
On the basis of a 45% eosinophile count, together with the ocular picture, the diag- 
nosis of trichinosis was made. She had a very stormy time; she presented neurologi- 
cal and cardiovascular symptoms, with her temperature running to 104 I.; she was 
on the danger list for two weeks but finally recovered and is now well. 

Dr. Birchell is here; at dinner he showed me a slide of encysted larvae in the 
deltoid muscle. Those of you who remember Dr. Ben Witt Key will recall that in 
1930 he published in American Journal of Ophthalmology a case similar to that of 
Dr. Perera’s. The exophthalmos was so pronounced that the patient was admitted 
to the New York Eye and Ear Infirmary with the diagnosis of orbital cellulitis sec- 
ondary to sinus disease. An operation was to be done, but the x-ray was negative ; 
during the interval a blood smear had been made, which showed 70% eosinophiles. 
()n the basis of the eye picture and the blood cell count, surgery was postponed, 
a tentative diagnosis of trichinosis was made, and three days later a section taken 
from the deltoid was found to be positive for the larvae. This is the slide in Dr. 
Sirchell’s possession. 

The third case is that of a woman of 35 who came to the office with what I call 
the characteristic eye picture, but she also had been feeling ill; she had pains and 
aches. n the basis of the eye picture, I called her family physician and said | 
thought she had trichinosis and asked him to examine her and to do a blood count. 
Apparently, he had never seen a case of trichinosis, and he decided she had the grip; 
so he gave he chlortetracycline (Aureomycin), penicillin, and streptomycin for a 
week ; after that, her temperature having gone to 104 F., he began to question his 
diagnosis and did a blood cell count. She had 14% eosinophiles. She developed 
neurological symptoms, lost the use of her right leg, and was admitted to the New 
York City Hospital with the diagnosis of trichinosis. The neurological picture was 
so bizarre and confusing that they would not accept the admission diagnosis. They 
did repeated lumbar punctures and never got the same findings twice. The picture 
was confusing and nondefinitive ; after she had been very sick for two weeks, they 
took a biopsy specimen of the deltoid muscle and found it to be positive for larvae. 
She was acutely ill for six weeks. The last time [ saw here she was perfectly well. 

Dr. Atrrep AnGrist: Dr. Gould, in closing, will you comment on our experi- 
ence in a survey we did in our institution, where we found that about 30% of the 
population showed trichinellas in larval form in the diaphragm and that the highest 
percentage was in patients who should have obeyed the Mosaic law, but apparently 
had not. 

Dr. S. E. Goutp: The only reference I can give to Dr. Angrist’s comment 
regarding the incidence of trichinosis in Jewish patients is the survey made by the 
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United States Public Health Service, with the cooperation of a great many hospitals 
throughout the country. In this survey, covering more than 5,000 autopsies, the 
average incidence of trichinosis was 16%, but in the patients known to be Jewish, 
the incidence of trichinosis was only 1%. In a clinical study on 3,000 hospital 
patients, we found that 6% gave an immediate skin reaction with a Trichinella anti 
gen, while among 100 inmates in the Jewish Old Folks Home in Detroit, we found 
that only 1 gave an immediate positive skin test. 

Concerning the value of the skin test, we conducted a clinicopathologic study of 
388 cases in which we compared the skin tests during life with the finding of T. 
spiralis in the same persons at autopsy. Only 10% of those found to be harboring 
larvae in their muscles had given a positive skin test during life, while 5% of those 
in whom no larvae were found at autopsy had given a positive test during life. 
Therefore, the test has little value in indicating the presence or absence of old 
trichinosis. It is believed, however, that the immediate skin test is frequently of 
diagnostic value in recent trichinosis but that after a few years the skin loses its 
reactivity. 

With respect to treatment, the only drugs that might be given with benefit are 
corticotropin and cortisone, Eithe. of these should lessen the severity of the symp- 
toms and may have a favorable effect on the course of the disease itself during its 
acute stage. If the severity of symptoms can be eased, a good deal will be accom 
plished for the comfort of the patient, and perhaps also for the outcome of the disease. 
After a day or two of treatment the aches and pains may subside and the patient 
may believe that he is on the road to recovery. However, if the medicament is dis- 
continued, the pains may return in all their severity, and the patient then knows 
that he is not yet well and should remain under treatment. In severe infections it 
is important to confine the patient to bed until all danger from myocarditis has 
passed, The heart symptoms are likely to appear one or two weeks after the muscle 
symptoms begin to subside, and therein lies the danger of permitting the patient 
out of bed too soon. In moderately severe cases, therefore, it is well to keep the 
patient in bed and to take electrocardiograms at various times. We had a case in 
point. One of our supervising nurses entered the hospital after an illness of four 
weeks. The diagnosis was made on finding an eosinophile count of 62%. We put her 
to bed at absolute rest, under the care of nurses, day and night. She said it was 
silly to give her so much attention and that she was not so very sick. ‘Ten days after 
she had been put on absolute bed rest, there developed palpitation, smothering sen 
sations over the precordium, and significant electrocardiographic changes that had 
not been present previously. These symptoms and electrocardiographic changes 
persisted for 10 days, after which she recovered. Many a patient has died suddenly 
of heart failure after having been allowed to get out of bed after the muscle symp- 
toms had begun to abate, in the belief that he was on the road to recovery. 


NEW YORK ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Truman L. Boyes, M.D., Chairman 
Charles A. Perera, M.D., Secretary 
Residents Meeting, March 15, 1954 
Ocular Tuberculosis. Dr. Garriet Greco (by invitation). 
Crystals in the Anterior Chamber. |x. Gruper (by invitation). 


The sparse literature was reviewed, and cases reported by Bonaccolto, Wendell 
Hughes, Koby, Knapp, Purtscher, Danielson, Scott, and Hubbersty and Gourlay 
were described, 

The author presented three cases seen at the New York Hospital. 

The first patient was a 75-year-old white man with a mature cataract in his left 
eye for over 19 years. Ile entered the hospital with acute glaucoma of this eye. The 
anterior chamber was of normal depth and was loaded with crystals. Vision was 
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limited to light perception. The cataract was removed after irrigation of the anterior 
chamber. Healing was uneventful. Corrected vision is now 20/40; the fundus is 
normal ; the vitreous face is intact, and there is no synchysis scintillans. 

The second patient was a 26-year-old man who had been admitted to the hos- 
pital in 1943, at the age of 15, with retinal detachment of his right eye following 
injury by a rubber ball the previous year. Two diathermy operations were performed, 
without success. One year later a cataract was noticed. In December, 1953, he 
observed that his right eye sparkled, especially in the light. L-xamination showed a 
normal left eye. The right eye was blind, with pupil fixed at 2.5 mm. The anterior 
chamber was deep and filled with shimmering, iridescent, needle-shaped crystals, 
which moved freely in the aqueous. There was also a pseudohypopyon of this 
material at the bottom of the chamber. The lens was opaque and its capsule seemed 
intact. The tension was 17 mm. Hg. The pupil dilated poorly, but enough to 
permit one to see that the lens was subluxated inferiorly and that crystals could 
be observed passing behind the iris in the upper nasal aspect. 

The third patient was a 71-year-old white woman, known to have had a cata- 
ract in her left eye for eight years. There had been recurring attacks of pain and 
redness in this eye for one month. diagnosis of iritis had been made, and atropine 
drops were instilled. When she was seen at the hospital, vision of the affected eye 
was limited to light perception ; the pupil measured 3.5 mm. and was fixed, and the 
globe was congested, Slit-lamp study revealed diffuse corneal edema, a few K.P., 
moderate flare, and a few small crystals floating in the anterior chamber. Numerous 
small crystals were also seen on the anterior lens capsule. The intraocular pressure 
was 48 mm. Hg and was not altered by ingestion of 500 mg. of acetazoleamide 
(Diamox ). Cataract extraction was performed. Recovery was uneventful. Seventeen 
days later, the vision was correctible to 20/40, the fundus appeared normal, and 
there were no crystals in the anterior chamber. 

There seems to be no doubt that these crystals are composed of cholesterol. 
There are two theories regarding the origin of the crystals, with good evidence to 
support either concept; much would seem to depend on the individual case, One 
view is that the crystals originate from a degenerated and fluid vitreous and pass 
through the zonule into the anterior chamber. In favor of this view is the fact that 
many of the cases follow long-standing intraocular disease. According to the second 
theory, the crystals originate from a degenerated lens. In favor of this view is the 
fact that the author’s three cases and most of those described in the literature have 
been associated with a mature or hypermature cataract. In those cases in which the 
cataract was removed the fundus appeared normal and there was no evidence of 
synchysis scintillans. The author was certain that the crystals were derived from the 
lens in his first and last patients. 

\ cataractous eye with crystals present in the anterior chamber suggests a 
rupture of the lens capsule, and this should be looked for in every case. If glaucoma 
is present, one should not hesitate to perform a cataract extraction as a primary 
procedure. 


Bronchogenic Carcinoma with Metastases to the Iris. E. Lonpon 
(by invitation ). 

The patient was a 39-year-old Negro, admitted for the third time to the Vet 
erans Administration Hospital, Bronx, N. Y., with the complaint of pain, redness, 
and loss of vision of his left eye for four weeks. Lung resection for epidermoid 
carcinoma had been performed seven months before. lye examination at that time 
was negative. 


I.xamination showed a normal right eye. Vision in the left eye was limited to 
light perception and projection. There was intense congestion, The aqueous was 
cloudy, with a large hyphema. A large, gray, vascularized cheesy mass projected 
into the anterior chamber from the superior angle. ‘The hyphema cleared in a few 
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days. The iris was then seen to contain numerous small nodules with a deposition of 
white particles in the inferior angle. Enucleation was performed 16 days after 
admission. Pathologic examination revealed a small tumor in the ciliary body extend- 
ing into the anterior chamber. The cytologic features were identical with that of the 
lung tumor, A smear of aqueous aspirated at operation showed tumor cells. 


Mensuration of the Human Eyeball by X-Rays: A Modified Technique. Dr. 
Wittiam G. Everett (by invitation ). 


This paper represents a preliminary report on a project supported by the 
National Council to Combat Blindness, with x-ray equipment furnished by the 
Vicker X-Ray Corporation. 

‘The author's interest in this work was stimulated by the paper of R. H. Rushton 
(Tr. Ophth. Soc. U. Kingdom | Pt. 1] 58: 136, 1938). The possibility of measuring 
the axial length of the eye independent of its refractive powers suggests numerous 
applications. 

The technique is based upon the phenomenon that x-rays are visible to the dark- 
adapted eye. This knowledge antedated Rushton’s work by some 40 years, having 
been reported by such observers as Edison, Roentgen, Dorn, Czellitzer, Hemstedt, 
and Nagel. The subject received little attention until 1932, when Pirie and Taft 
made independent observations. After these reports, Gifford and Barth, in 1934, 
reviewed the subject and made attempts to understand the mechanism involved. 
They restated previous studies of selective stimulation of the retina by means of 
slit-like apertures in front of the source of x-rays. Rushton, by the use of such slits, 
devised an ingenious, precise method of determining the axial length of the eyeball. 

The technique consists basically of interposing a lead shield with a slit opening 
between the x-ray source and the eye of the patient. A plane of rays thus formed is 
projected toward the dark-adapted eye of the subject from the temporal side. This 
vertical plane of x-rays transects the eyeball at right angles to its anteroposterior 
axis. An equatorial section of the retina is stimulated, and the subject is aware of a 
yellowish-green circle of light. The displacement of x-ray beam toward the posterior 
pole of the eye causes the stimulation of increasingly smaller circles, with finally 
a point of light at the fovea. The distance from the anterior surface of the cornea to 
the fovea is read on a Vernier scale. 

With Rushton’s method, the x-ray source remains fixed and the slit moves freely 
in front of it. This introduces an error due to the divergence of the x-ray beam. 
The author reduces this error by his method of shifting the x-ray source and the 
slit together, thus maintaining a static relation between them. 


Scleral Calcification. x. Kari RuBNeR (by invitation). 
This paper will be published in full. 


Complete Anophthalmos. Max H. (by invitation). 


\fter briefly reviewing literature on this congenital anomaly and its classification 
(primary, secondary, and degenerative) by Ida Mann, the author presented a case 
of bilateral anophthalmos to add to the 70 or so previously reported. Clinically, it 
is very difficult to distinguish between primary anophthalmos and high degrees of 
microphthalmos. 

Om Oct. &, 1953, Mrs. M. D., aged 34, had a spontaneous normal delivery of a 
premature female infant, weighing about 2,000 gm. The patient had four other chil- 
dren, three born prematurely and one at full term. All were born by normal spon- 
taneous delivery and had no signs of any deformity. The mother, on admission, 
showed an Kh-negative blood with mild anemia. 

The infant, on immediate examination, was found to be normal except for its 
inability to open the eyelids. The Coombs test for hemolytic disease of the newborn 
was negative. On the second day, when the pediatric resident attempted to make 
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an examination for retrolental fibroplasia and could not perceive any eyes, ophthal- 
mic consultation was requested, 

Ophthalmological findings were as follows: The head of the child was of normal 
contour and measurements. The orbits and lids were well formed and of normal 
size. The lids of both eyes closed and appeared sunken into the sockets. They could 
easily be separated. The palpebral fissures appeared to be of normal length, as com 
pared with those of a premature infant of this child’s weight, and there were no 
adhesions, which are usually present in anophthalmia, at the fornices. ‘The cilia 
were present but scanty. The lacrimal puncta were noted. The lids were then separ 
ated with lid retractors ; only the conjunctiva could be perceived. There were no 
signs of inflammation, or any purulent discharge, such as has been noticed in many 
cases. The sockets were then palpated with the small finger for masses, for fibrous 
tissue, for cysts, and for rudimentary pedicles, but none could be found. No other 
bodily abnormality could be located. The infant took nourishment well and gained 
weight during its five-month stay at the hospital. At the time of discharge a further 
examination of the sockets did not reveal the presence of any masses. Irom these 
findings, a clinical diagnosis was made of complete primary bilateral anophthalmia. 


Endophthalmitis Phacoanaphylactica Following Penetrating Diathermy. |r. 
Danar Cury JR. (by invitation). 


This paper will be published in full. 


Ocular Symptoms Following Severe Head Injury. [xk. Conrapo I. Banzon 
(by invitation ). 


The patient, a 54-year-old white woman, was examined two and one-half years 
after she had sutfered a severe cerebral concussion in an automobile accident. There 
were no skull fractures. The ocular findings included loss of voluntary ocular move 
ments in the absence of any paralysis, loss of binocular fixation and conjugate move 
ments, blepharospasm associated with twitching of the facial muscles, diminution 
of visual acuity with negligible fundus changes, and binocular diplopia. These 
manifestations were believed to result from injury to supranuclear centers and path- 
ways. 


Ocular Findings in Cerebral Palsy. Jk. \kNoLD S. Breakry (by invitation), 


Cerebral palsy is an injury to the motor centers of the brain resulting in neuro- 
muscular disability. It is divided into three major types: spastic, with lesions in the 
motor cortex or the pyramidal tracts; dyskinesia, with lesions in the basal ganglia, 
and ataxia, with lesions in the cerebellum. 

There are about 125,000 cases up to the age of 20 in the United States, making 
cerebral palsy second only to poliomyelitis as a crippler of young people. Little or 
nothing has been written on the ocular status of this group. 

One hundred unselected patients from the Cerebral Palsy Clinic at Lenox Hill 
Hospital were examined and followed for two years. The following ocular abnor 
malities were found: 


Optic atrophy ....... 3% 


Coloboma of iris 


Paresis of upward gaze 


Spastic lids 


. 
1% 
1% 
100% 
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Concurrent conditions 
Nystagmus ... 
Papilledema ... 


With respect to the eyes, normal and pathologic cases were distributed among 
the three major cerebral palsy groups. Without a guide to the care of such cases, 
generally accepted ophthalmological principles for the management of extraocular 
muscle problems were followed. 

\mong the tropia cases, (1) relatively small (-+-2) spheres relieved significant 
amounts of esotropia; (2) atropine for occlusion was extremely useful in developing 
alternators and in preventing amblyopia ; (3) in a fair number of cases improvement 
occurred spontaneously with age as binocular experience increased ; (4) surgery was 
successful in cases in which the deviation was relatively fixed and constant. 

Taken as a group, the cases of optic atrophy, congenital cataracts, and coloboma 
of the iris represent an incidence of 6%. This group may be considered as one of 
congenital anomalies, the incidence of which is much higher than would be expected 
in the normal population. 

Nystagmus did not represent a serious problem, and none of the cases occurred 
in the ataxic group with lesions in the cerebellum. 

Gross visual field defects were not found. 

(ne case of paresis of upward gaze and a case of spastic lids were noted. Papil- 
ledema was incidental to an astrocytoma in one case. 

Cerebral palsy victims in our population represent a very significant numerical 
group. Their ocular status has been largely ignored because of more obvious and 
limiting defects. ach one deserves a careful examination and follow-up. Adherence 
to accepted ophthalmological principles, with a few modifications as noted, yields 
gratifying results. 


Keratitis Sicca—Problems and Management. Dr. Norman Youristi and Dr. 
NarHaniet C, (by invitation). 


Surgery of the Inferior Rectus Muscles in Divergent Strabismus. lx. \Wittiam 
B. SHEKTER (by invitation). 


Elevation of Intraocular Pressure Caused by Steroid Therapy in Sarcoid Uveitis. 
Dr. Ropert W. (by invitation). 


Two of the three patients reported were 14-year-old Negro children with sarcoid 
uveitis. The third patient was a 29-year-old Puerto Rican woman. 


‘ 


News and Comment 


Epirep BY Dr. W. L. BENEDICT 


GENERAL NEWS 

Midwinter Clinical Meeting of Pennsylvania Academy of Ophthalmology 
and Otolaryngology.—The lifth Annual Midwinter Clinical Meeting of the 
Pennsylvania Academy of Ophthalmology and Otolaryngology will be held at 
the Ixye, Ear, Nose and Throat Hospital in Pittsburgh, on Wednesday, Jan. 19, 
1955. 

This one-day meeting will consist of operative clinics and symposia. Arrange- 
ments will be made for the 1955 meeting in the Hotel Traymore, Atlantic City, 
N. J., May 18 to 21, 1955. 


Gill Memorial Eye, Ear and Throat Hospital.— The Gill Memorial l’ye, lar 
and Throat Hospital, in Roanoke, Va., will hold its 28th Annual Spring Congress 
in ophthalmology and otolaryngology and allied specialties, April 4 to 9, 1955, 

Among the guest speakers who will attend are the following: 

Dr. Henry L. Bierce... .Hartford, Conn. Major Gen. DaANteEL Washington, D. C. 
Dr. Paut Boeper. Southbridge, Mass Dr. THomas PAINt Ann Arbor, Mich. 
Dr. B, CLARK New Orleans Dr. R. TOowNLey Paton.... New York 
Dr. Dan M. Gorpon... New York Dr. JAMES PURNELL.... New York 
Dr. ANDERSON C, Hitpine....Duluth, Minn. Dr. ALBert D. RUEDEMANN.. . Detroit 
Dr. L. Jackson....Philadelphia) Dr. Ronerr Ryan....... St. Louis 
Dr. Bertna S. Chicago Dr. Ricuarp ScHNEIDER...Ann Arbor, Mich. 
Dr. T. G. MARTENS... kochester, Minn. Dr. JouNn SHELDON Ann Arbor, Mich. 


Dr. Daniet S. MILLER... Boston Dr. Grant Warp.. : .. Baltimore 


SOCIETY NEWS 
All-India Ophthalmologic Society.—The All-India Ophthalmologic Society 


will hold its annual meeting Feb. 16 to 19, 1955, in Bombay, India. 

In behalf of Dr. S. N. Cooper, secretary of the society, a cordial invitation 
is extended to United States ophthalmologists and their families to attend the 
meeting and to take part in the scientific phase of this conference. The sym 
posium for the 1955 conference will be on “Diseases of the Lacrimal Apparatus.” 
However, papers on other ophthalmologic subjects may also be read, 

The Ansett Travel Service, 323 Geary St., San Francisco, is in charge of all 
travel arrangements. ‘The tour will originate in San Francisco, take six weeks, 
and include stopovers in Honolulu, Tokyo, Hong Hong, Bangkok, the Taj Mahal, 
New Delhi, Bombay, Cairo, Rome, and New York. 

The all-inclusive costs, including first-class air transportation, meals, hotels, 
and excursions will be $2,800 per person. 


Bowman Lecture.—Jhe Bowman Lecture, which is presented at the meeting 
of the Ophthalmological Society of the United Kingdom, will be given by 
Dr. John H. Dunnington, Director of the Institute of Ophthalmology, Presby- 
terian Hospital, New York, in London, England, on April 28, 1955. 
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Books 


Behandlung von Augenkrankheiten. by Alfred Bangerter. Price, $4.00. [’p. 112, 
with 15 illustrations. Hans Huber, Marktgasse 9, Bern; exclusive repre- 
sentative for U. S. A. and Canada, Intercontinental Medical Book Corpo- 
ration, 381 4th Ave., New York 16. 


This volume gives a short account of office treatment for the general practitioner, 
in German. Since there are a number of similar texts in English, it will have little 
interest for the general practitioner in this country. Its contents have been well 
selected, and the illustrations are good. 


Peripheral Circulation in Man. by WW. Wolstenholme and Jessie S. Freeman, 
assisted by Joan Etherington. Price, $6.00. Pp. 219, with 72 illustrations. 
Little, Brown & Co., 34 Beacon St., Boston, 1954. 


This volume is a compilation of the papers presented by those attending a sym- 
posium on the Peripheral Circulation in Man held May 11 to 13, 1953, and promoted 
by the Ciba Foundation. While not directly touching on the ocular circulation, the 
book covers the methods for studying blood flow and changes in circulation due to 
exposure to cold or heat, the action of epinephrine and arterenol on blood flow, 
the neurohistology and reflex control of the general circulation, and the effects on 
it of sympathectomy. Other subjects dealt with are the cold agglutinins and the 
influence of visceral activity on the peripheral circulation. The book will, therefore, 
be of value to those in ophthalmology who are doing research on the ocular circu- 
lation, 


Observations on Hole in the Macula. ly l’aul Tower. rice, $2.00. 60, 


with 15 illustrations. S. Karger, Ltd., Holbeinstrasse 22, Basel, Switzerland, 
1954. 


This brochure is a historical review of the subject of macular holes, their etiology 
and pathology. The author concludes that small holes, which are asymptomatic, 
occur frequently and seem to be on the increase, Senile degenerative processes are 
of great significance in the causation of macular holes without a relevant history 
of trauma, The holes themselves represent a terminal stage of various pathologic 
processes. ‘Trauma may either cause a mechanical tearing of the retina or lead to 
cystoid degeneration, which, according to Tower, is the most frequent precursor 
of hole in the macula, The older view that cystoid degeneration is the exclusive 
precursor of macular holes is rejected by the author, The ophthalmoscopic appear- 
ance of various types of holes is described. The author calls attention to the fact 
that the punched-out margin of macular holes should no longer be considered typical 
of all holes. In those cases in which perifoveal edema is concomitant with a beginning 
hole in the macula, the use of retrobulbar injections of tolazoline ( lriscoline) is 
sometimes dramatically effective. 


Fig: 
2 
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for treatment 
and prophylaxis 
of ocular 
infections 


Sodium 


SULAMYD 


Ophthalmic Solution 30% 
( ) 


di sulfacetamid 


Sodium Sutamyp® Ophthalmic Solution 30% applied as 

eye drops offers all these advantages: 

¢ Effective against both gram-positive and gram-negative 
bacteria. 

e Deep penetration into intraocular tissues on conjunc- 
tival application, 

© Higher local concentration of drug than obtainable with 
sulfonamide preparations by oral administration. 

e Notable freedom from irritation — virtually 
non-sensitizing. 

For routine daytime use: Sodium SuLAMYD Ophthalmic 

Solution 30% — applied by eye dropper, 3 or 4 drops daily. 

For bacteriostasis through the night: Soplum SuLAMYD 

Ophthalmic Ointment 10% before retiring. 


CORPORATION BLOOMFIELD, N, J. 
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WESTCOTT 


Iridocapsulotomy scissors, new model, de- 
signed for repair of hammock pupil. These 
scissors have extra long, slender blades, 
to minimize gaping of wound. The blades 
are 10 mm long and have blunt points. 


A small conjunctival flap is laid down at 
12 o'clock, and a keratome incision is 
made. The scissors are then introduced 
as shown in Illustration A, and a single cut 
is made through the iris. The result is 
shown in Illustration B. 


Stainless Steel 
$21.00 


For further information regarding 
Lawton products, visit your local 
surgical supply store. 


_ 425 FOURTH AVENUE NEW YORK 16, N, Y. 


OPHTHALMIC INSTRUMENTS 
OF PRECISION 


15 WIGMORE STREET, 
LONDON, W.|I. 
ENGLAND. 


Lawton 
LAWTON Gomi 
LR. 
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now available! 


Sterile, stable, eye medications in the new 


Single dose sterile eye solutions 
in disposable dropper units, developed by 
Robert R. Feinstein and Associates in collabora- 
tion with major eye hospitals in the U.S.A. 

A major advance in the maintenance of sterility 
in operating procedure and post operative 
therapy. A necessity in every eye operating room 
and wherever eye injuries are treated. 


STERIDROPPAS contain all important 


* trade mark 
pat. pend. 


solutions required for ocular surgery, “#3 


write now for further details to 


OPHTHALMOS, INC. 
4808 BERGENLINE AVE. 
UNION CITY, N. J. 
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YOUR 


GUIDE TO 


SUBSCRIPTION PRICE $20.00 PER YEAR 


535 NORTH DEARBORN 


CURRENT PUBLICATIONS 


Quarterly 
Cumulative 
Index Medicus 


CANADIAN AND FOREIGN $22.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 


Divided into sections, one devoted to 

books and the other to periodical literature, 
the QUARTERLY CUMULATIVE 

INDEX MEDICUS contains a list of 
current publications alphabetized 

as to authors and subjects. The exact 
bibliographic reference is given under the 
author with titles in the original language, 
while titles under subjects are all in 

English. The index also includes a listing 
of journals, addresses and publishers. 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a year; 
volumes are cloth bound and cover 
periodicals for six months as indicated 

on the publication. These two volumes will 
be a convenient and inclusive reference 

for current medical literature. Invaluable 
for practitioners, specialists, teachers, 
editors, writers, investigators, 

students and libraries. 


WITH AUTHORS 
AND SUBJECTS... 


° CHICAGO 10 


Month-to-month Developments in ENT for the General 
Practitioner as well as the Specialist 


Use Archives of Otolaryngology to 
CHECK and compare your own obser- 
vations with the current results of 
specialized progressive work in 
the ear, nose and throat field. 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St., Chicago 10, Illinois 


Please enter a subscription to Archives of Otolaryn- 
gology for one year and continue it until I instruct 
you to discontinue it. 
1 I enclose $ O Bill me for$.. 


. STREET 
CITY & STATE 
50 CANADIAN 


"$12.00 YEARLY 
$13.50 FOREIGN $12 
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For Trial Frame Stereoscopic Cards 
The Lenscorometer by GUIBOR 
originated by Austin Belgard 


for mea- 
suring vertex dis- 
tance of trial lens 


and patient's glasses 


Use Lenscorometer in all cases of aphakia, 
+ OR — corrections of four diopters or 
Can be used with the Stereocampimeter, Synopto- 


scope, Rotoscope and similar instruments; also with 
tion of prescription. regular stereoscope. For adults and children. 


Each $11.75 Set $4.75 


more—a necessity to insure true transla- 


New Near Chart 


GUIBOR Symbol Near Chart now available 


in durable and soilproof plastic. Gives dis- 
NEARPOINT “E” CHART 
by ©. ouson tance equivalents, as well as quantitative 

measurements for near vision. Symbol 

TO BE HELD FOURTEEN INCHES FROM THE EYE understoc rd by all. 


Place your order now. 


Actual size 6” x 6 


OPHTHALMIC 
OPTICIANS 
WHOLESALE R SERVICE 
und 
Loop Office: 4 


109 N. Wabash, at Washington INC. Nov O Wilmette Office: 


9th Floor STate 2-5362 1139 Central Avenue 
CHICAGO, ILL. (Formerly Belgard, Inc.) WILMETTE, ILL. 


DISPENSING SERVICE 
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SURGICAL INSTRUMENTS CO., INC., 


520 FIFTH AVENUE, NEW YORK 36, N. Y. 
LONDON ESTABLISHED 1875 PARIS 


GRIFFITH-ROGERS TRIAL FRAME 


This trial frame is a simple but sturdy and easily adjustable frame that is designed 
for rapid routine examinations over a long period of time. It will stand hard usage. 
Interpupillary distance is adjustable by means of a rack and pinion and the bridge 
height is adjusted by the same knob. Bridge may be locked. Temples are of spring 
steel to support the frames in position. Protractor is black with white letters and there 
are two front and one rear pairs of slots for the trial lenses. In stainless steel. 


Price $27.50 


ARTIFICIAL EYE Sexesce 


Eicpssionee gained through over 100 years of artificial 
eyemaking enables us to produce and fit the very finest in artificial 
eyes. Glass and plastic eyes made to order or available 


from stock. Eyes fitted to all types of motility implants 


artificial Orders filled the same day received 


Eyes sent on memorandum 


eye selection Liberal assortment of either glass or plastic 


Samples accurately matched 


through the mail Superior quality eyes—Finest workmanship 


WRITE FOR FREE COLOR CHART AND SIZE GUIDE 


the 
(serving sion lager aud Gougelmau, inc. 
30 NORTH MICHIGAN AVENUE CHICAGO 2, ILLINOIS 


DETROIT * CLEVELAND * KANSAS CITY * MINNEAPOLIS * NEW ORLEANS ® ST. LOUIS 
NEW YORK * BOSTON * BUFFALO * PHILADELPHIA * PITTSBURGH * WASHINGTON 
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Univis nu-line® Tc 


Trade Mark patent pending 


truly a UNIVIS lens, born of endless Univis research 


for the improvement of presbyopic vision 


The Univis Lens Company is a leader in 
research and in product development. 
Its latest research and outstanding new 
product—Univis Nu-Line 7 CV—are now 
being announced as significant aids to 
the field of visual care. 


It is impossible, in a few words, to de- 
scribe fully either the lenses or the re- 
search which makes them desirable and 
possible. 


All we'll say here is that Nu-Line 7 CV 


is a lens which offers a 23 mm. segment 
with a 7 mm. intermediate . .. with 


a specially developed and patented coat- 
ing applied to segment lines replacing 
uncoated lines from which light is some- 
times annoyingly reflected. 


If you will just let us know that you want 
full details, we'll send them by return 
mail. Incidentally, 37,799 pairs of these 
lenses have already been prescribed! 


The UNIVIS Lens Company / Dayton, Ohio 3! 


The Univis Lens Company, Professional Service Dept. A 
Dayton, Ohio 


I would appreciate receiving information on Univis Nu-Line 7 CVs. 


Name 


Address 


City__ 
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THE BRAWNER G-L 
A Modern Inclusion Implant 


is the ideal implant for enucleation operations. 


It is designed to simplify the operation—Eliminate muscle isolation—Minimize 


the possibility of extrusion or migration—Shorten post-operative hospital time— 
AND— 


“It lets the patient decide” if he prefers a less-expensive conventional plastic reform 


eye with limited motility, or a Custom “Matching-back” prosthesis for adequate 


Laboratagy 


737 East Main Street 


__ Richmond 19, Virginia 


motility. 


# information, including description, 


prices and operative technique, os sug- 
gested by Dr. Brawrer, will be sent on 
request. 


The test of time proves that the 
“LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


Aug - 49 East 51st Street, New York 22,N. Y. 


Manufacturers of all types of Contact Lenses @; 


Branches in 


PHILADELPHIA MONTREAL JOHANNESBURG 


~ 
a 


Designed to correct the faults of many existing 
instruments, the newest improved Sklar model 
Schiotz Tonometer meets the specifications 
adopted by the American Academy of 
Ophthalmology and Otolaryngology. It also 
conforms to the basic requirements of the 
original Tonometer projected by Professor 
Hjalmer Schiotz in 1905 and modified by him 
in 1925. 


All parts, except the frame, are of non- 
magnetic stainless steel. The moving parts 
are fitted to close tolerances in weight and 
balance to minimize friction. 


Several improvements make the instru- 
ment more practical and easier to use 
and keep clean: 


@ a newly shaped hammer; 


@ jewel mounted plunger to minimize 
friction; 


© inclined scale with mirror to overcome. 
the error of parallax and three extra 
weight loads, 7.5, 10 and 15 grams. 


The 5.5 gram weight is held in place in 
the plunger by a clip application, thereby 
simplifying the removal of the plunger 
for cleaning. Each instrument tested and 
certified by Electrical Testing Laboratories, 
Inc., New York City. 


directions fer vee with 
Table of tntra-Ocvlar Pressures and 
Graphs, included with each instrument. 


J. SKLAR MANUFACTURING CO. tong Island City, N.Y 


: 
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4 
Through Your Dealer 
American Made Stainless 
Steel Complete in Case 
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HARRINGTON 


This is an extremely accurate instrument. 


Che dial has three scales, the outer being 
the expanded Schiotz scale, 0 to 20, the 
middle and inner scales being direct 
readings in millimeters of mercury for 
the 5.5 and 7.5 gram weights. 

10 and 15 gram weights are included, 
with conversion table. 


Descriptive leaflet sent on request. 


PARSONS OPTICAL LABORATORIES 


518 Powell Street 


TONOMETER 


Fully guaranteed 


San Francisco 2, Calif. 


An electromagnetic detecting device that quickly 
and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfactory 
distance through intervening bone, tissue and fluids. 
Probing or physical contact with the foreign body is 
not required for detection. 


The thin sterilizable probe provides preoperative 
localization, “‘pin-point” accuracy within the incision 
and postoperative check. 
Lends precision to foreign body surgery and greatly 
reduces surgical trauma. 


BERMAN LABORATORIES 


112-03 Rockaway Bivd. Ozone Park 20, N.Y. 


MID-WINTER CONVENTION 


THE NEW ORLEANS ACADEMY 
OF OPHTHALMOLOGY 


January 31 thru February 4, 1955 
Featuring 
A SYMPOSIUM ON 
MOTILITY 
by 
Francis Heed Adler, M.D. 
Harold W. Brown, M.D. 
Hermann M. Burian, M.D. 
Frank D. Costenbader, M.D. 
Walter H. Fink, M.D. 
George P. Guibor, M.D. 
Philip Knapp, M.D. 
Kenneth C. Swan, M.D. 


The program will include round table discussion 
periods. 

The registration fee of $75 includes associate 
membership in the Academy for the year 1955, 
as well as all other features of the convention. 
Hotel Reservation should be made EARLY by 
writing directly to the Jung Hotel, 1500 Canal 
Street, New Orleans, Louisiana or to 211 South 
Saratoga Street, New Orleans, Louisiana. 
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TITMUS 


CORRECTED/CURVE 
MCKAY 


modern 
lenses... 
for modern 


seeing needs 


/ 
.. to effect the 
OPTICAL 


COMPANY, INC. 


PETERSBURG 
VIRGINIA 


Manufacturers of Ophthalmic 
Lenses Frames Sun Glasses 
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CUT Eye Testing Errors 
BOOST Speed and 1 Accuracy 
WH 


GOOD.-LITE 


TRANSLUCENT EYE TESTING CHART 


Here's an Eye testing unit with washable controlied, completely uniform light source 
frosted plastic eye charts uniformly back- The unit’s built-in translucent light prin 
lighted to achieve maximum testing accu- 
racy 


ciple effectively compensates for varying 

light intensities in varying settings Two 
The 4 Ib. unit is easy to handle, set up screening masks provided discourage the 

and operate. The set includes two screen chart memorizers.”’ 

ing masks to prevent memorization 


Recommended for use at 20 feet or may @ LOW IN COST Its low cost permits 
be used with the aid of a mirror in an installation of one chart in every examin- 
11-ft. room ing room 


@ UNIVERSALLY ACCEPTED 


THE GOOD-LITE TESTING UNIT IS... 


® Accepted by the Coun- 
@ COMPLETE The Good-Lite Translucent on Physical Medicine 
Eye Chart includes a sturdy metal cabinet, Rehabilitation of the 


daylight fluorescent light bulb, plastic eye 
charts and two screening masks 


4 American Medical Asso- 
= ciation 

Approved by Under- 


. Res 
ACCURATE Responsible for the Good 


Lite’s high accuracy is its completely 


THE MENACE OF ALLERGIES 
Most modern offices and factories are 
equipped with the best in scientific light- 


ing facilities—but, they reflect on sur- HOUSE DUST ALLERGY 
faces of glasses. These “GHOST” reflec- by Karl D. Figley 
tions are annoying and contribute to & pages, 15 cents 


fatigue. MAY-O-LITE coated lenses can 


Pe: ASTHMA, A PROBLEM IN PREVENTION 
help eliminate these annoyances. 


by Alene S. and Robert P. Little 
2 pages, 15 cents 
Complete Your Professional Service By Adding 12 pages, 15 cen 
WHAT WE KNOW ABOUT ALLERGY 
by Louis Tutt 


The Best in Sight 12 pages, 15 cents 


y PROTECTING YOUR CHILD FROM ALLERGY 
MAY-0O-LITE by William Gayle Roberts 
Low Reflection Coating 8 pages, 15 cents 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN * CHICAGO 10 


LT’ 
oPpD’ 
oz LD 
Of interest to you 
and your patients 
I MAKE OVERHEAD 
LIGHTS WASTY ON 
EVES Sap Gary Groot‘, 


Pat. No. 530108 


Perspex lined lead shells in the form of a contact lens afford the 
eye complete protection when treating parts very close to the eye 
with X-rays or rays from radio-active substances. By drilling a 
small hole in the shell it is even possible to carry out localised 
treatment of a lesion on the sclerotic without exposing the cornea 
and other parts of the sclerotic to the harmful effects of the 
radiations. The set of lead shells illustrated comprises six sizes for 
both right and left eyes. Smaller cases and single shells are also 
available. Price, complete in case — $97.30. 


of England 63 WIGMORE STREET, LONDON, W.1 


LINED LEAP 
| aREATMENT 
| ROTECTION APY 
FOR RADIO 
MENT Cl ARICE 
: 


Cuantity prices 
quoted on request 


Also... 


AMERICAN MEDICAL ASSOCIATION By Margaret Bell. 6 pages 


EDUCATION 


BOOKLETS 


@ FOR YOUNG PEOPLE 


Parents will find the help they are seeking in this modern series 
of pamphlets by the late Dr. Thurman B. Rice 


THOSE FIRST SEX QUES- 
TIONS 

For the parents of very young 

children. Answers to the grop 

ing questions of the Littlest 


ones. 40 pages. 25 cents 


morrow 


HOW LIFE GOES ON 
For girls of high school age For young men and women 
Their role as mothers of to- 
44 pages 


IN TRAINING 


THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and letic 


human parents. 36 pages. 25 
cents 


interpreting 


and other 


their 


.development in terms of ath- 
achievements 
0 pages. 25 cents. 


THE AGE OF ROMANCE 


dealing with the problem as 
25 cents a unit for both sexes it 


pages. 25 cents 


For boys of high school age, 


adolescent 


25¢ each 
Set of five 


in file case, $1.25 


@ FOR ADULT READING 
SEX EDUCATION FOR THE PRE- 


SCHOOL CHILD 
By Harold E. Jones and 
Read. 12 pages. 15 cents 


Katherine 


SEX EDUCATION FOR THE TEN 
OLD 


YEAR 
By M 
cents 


Marjorie Bolles. 12) pages 


SEX EDUCATION FOR THE ADO- 


LESCENT 
By George W. Corner and 
Landis. 18 pages. 15 cents. 
THE FACTS ABOUT SEX 
Audrey 


McKeever To be read 


Carney 


by 


parents or children 16) pages 20 cents 


ANSWERS TO PRACTICAL QUESTIONS 


ON MENSTRUATION 


15 cents 


535 North Dearborn Street 
Chicago 10, 


SEX EDUCATION FOR THE MARRIED 
COUPLE 
By Emily Hartshorne Mudd. 12 pages 
15 cents 


SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman 12) pages. 15 
cents 
Set of 5 titles as above, 50 cents 


GETTING READY FOR MARRIED LIFE 


By Howard Dittrick. 28 pages. 20 cents 


MORE HELP FOR CHILDLESS 
COUPLES 


By J. DD. Wassersug. pp. 15 cents 


THE WORD YOU CAN'T SAY (MAS.- 
TURBATION) 


By Hannah Lees. & pages. 15 cents, 
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Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 
MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


= = = 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 
Plastic or Glass Selections Sent on Memorandum upon Request 
Implants and Plastic Conformers in Stock 


FRIED ann KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd St. Tel. ELdorado 5-1970 


THE NEW MUELLER 
Electric 


CORNEAL TREPHINE 


ALSO DRIVES 
THE WITZEMAN CORNEAL BUR 


Balanced—Smooth, Clean Cutting 
Complete with Special Battery Box 


THE WITZEMAN BUR—A round, me- 
THE TREPHINE— A new model with a specially designed dium size (0.9 mm.) corneal a! ee 
little motor of unusual power and smoothness, for quick, on a short shank that is interchangeable 


with the Green-type cutting blades on 
clean cutting, even with the larger sizes of transplant the Mueller Electric Trephine. A very 
cutters. A convenient finger control switch gives you useful and efficient instrument for the 


instant start or stop of the trephine blade. Light weight, ‘emoval of stains, 
beautifully, precisely built and balanced, the trephine is etc., 
furnished complete in a fitted case with two cutting cocreeees © fer 


forei ies. (Oth 
blades (1.5 mm. and 2 mm.) and including a special long- ponies gt nw 
life battery box. Each, $97.50 Each, $3.50 


Order Direct From Us—Instrument Makers To The Profession Since 1895 


AY Uf, 330 SOUTH HONORE STREET 
° & * CHICAGO 12 ILLINOIS 
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Here, at long last, is a practical train- 
ing device for the effective stimulation of binoe- 
ular vision. American Optical has realized that 
one of the greatest deterrents to satisfactory 
training has been the lack of target material 
sufficiently absorbing to sustain the patient's 
interest. A source of intense interest to children, 
the television pieture can now be utilized as 
target material and the child becomes engrossed 
in his visual exercise. The monotony of the repeti- 
tive use of conventional training material is 
eliminated for both child and parent. 

Designed to be used in connection with profes- 
sional guidance, the AOt Polaroid* Television 
Trainer is composed of a filter that hangs in front 
of the TV sereen and a pair of viewing glasses 
worn by the patient. The optical effect is such 
that the patient must use both eyes in order to 
see the entire action on the sereen, When watch- 
ing a television program with the filter in place, 
the patient wearing the glasses sees half the 
sereen with one eye and half with the other. The 
entire picture can only be seen when binocular 


# T.M. Reg. American Optical Co. 
© T.M. Keg. Polaroid Corp, 


The New pelaveid’ Television Trainer 


SEE THAT SEES! 


and enjoys doing it 


vision is achieved through the correct use of both 
eyes. A quarter-wave plate is attached to the 
filter. When looked at through the glasses the 
3-inch portion of the screen covered by both the 
filter and the quarter-wave plate is visible to 
both eyes. This establishes an area of binocular 
vision. The plate may be cut or the distance of 
the patient from the sereen may be varied to 
change the area of binocular stimulation. The 
filter is encased in a metal frame and attaches to 
the TV set by means of suction cups. It simply 
flips out of the way when not in use. Even when 
in use it does not interfere with normal viewing 


of the screen by viewers other than the patient. 


American 
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Our late frame releases have met with 
immediate popularity. We will soon have other 


new Art-Craft frames to offer you. 


Watch for these and for new color additions 


to our regular frames. 


Baukow.... 


an all 1/10-12K Gold Filled frame... 
featuring a new lens shape, strength and 
lightness in weight. 


Here's a new child's frame you will want. 
Attractive in new styling. Low-set saddle 
bridge and new lens shape sets this frame 
apart from other juvenile frames. 


This favorite now available in Red or Blue 
Plaid. Eye size 34-36-38-40. 


ART=CRAFT OPrical CO. INC, 


ART CRAFT OPTICAL SOUTHEAST, INC. 


ART CRAFT OPTICAL—WEST COAST, INC. 
ART CRAFT OPTICAL OF THE SOUTH, INC. 
ART CRAFT OPTICAL NORTH CENTRAL. INC. 
ART CRAFT OPTICAL OF ROCHESTER, INC. 


ART CRAFT OPTICAL SOUTHWEST, INC. 
ART CRAFT OPTICAL OF CANADA, LTU 
ART CRAFT OPTICAL —INTERAMERICANA, INC 
ART CRAFT OPTICAL EXPORT CORP. 


_— 
A 
— 
ART. CRAFT OPTICAL OF NEW YORK CITY, INC. 
CRAFT OPTICAL OF PHILADELPHIA, evil. 
CRAFT OPTICAL OF CHICAGO, IMC 
CRAFT. OPTICAL OF NEW ENGLAND, INC 
CRAFT OPTICAL —MMIDWEST, 
: 


This fall ond 


ALL AMERICAN * 
ATHLETIC GLASSES 


Designed for rough treatment 


Your athlete patients will receive maximum 
comfort and protection during competition if they 
wear ALL AMERICAN* ATHLETIC GLASSES 

. . . practical and useable on all noses for 

almost every sport. 


Extra sturdy all-metal frame 
“Cushion Fit” shock absorbent 


rubber nose piece 


Ends and temples 
covered to protect 
other players 


Expansible, adjustable 


“Glass-Gard’* headband Drop-ball tested safety 


precision lenses 


Prices on request. A complete sample may be 
ordered at nominal cost from your supplier or 
BENSON OpTicAL COMPANY. 


For your protection and ours, look for the trademark 
PeA on the lenses of every pair of 
ALL AMERICAN’ ATHLETIC GLASSES 


*Copyright 


Since 1913 Executive Offices @ Minneapolis, Minn. 


OPTICAL COMPANY 


LABORATORIES IN LEADING UPPER MIDWEST CITIES 
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